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SYNOPSIS 

 
The last twenty years has seen a tremendous change in the way companies do business. Much of 

this change can be attributed to the so-called information revolution. The integrated interaction 

between Information Technology (IT) and business processes has changed from its initial 

function of automating clerical tasks (e.g. payroll, inventory) to providing pertinent information 

for operational, managerial and executive groups within the organisation. In more recent times, 

IT has enabled some organisations, including those in the construction industry, to transform or 

re-engineer their business processes in the face of the rapidly changing business environment.  

   

As international competition continues to intensify, significant numbers of construction 

organisations are investing large amounts of resources into IT as they seek to gain competitive 

advantage. IT is increasingly being implemented for strategic reasons, so as to enable improved 

efficiency, better control and enhanced productivity of internal processes. The failure of 

realising expected IT-induced benefits has led to a growing number of senior executives to 

question the value of IT investments. Thus, questions like the following are typical: 

 

• Are we getting our money’s worth from our IT investment? 

• Are we spending too much or too little on IT? 

• What IT projects make the best use of our resources? 

• How can we improve the return on our IT investments? 

 

This Ph.D. research study was inspired by the perceived lack of a structured framework for the 

selection, implementation and performance evaluation of IT projects in construction. The 

development of such a generic framework that could capture the IT project lifecycle 

management process, and the associated guidelines and procedures for its effective 

implementation, is a young field of research, still struggling to define its place within the large 

family of academic disciplines. Being a young branch of science, it might be argued that IT in 

construction lacks a solid methodological foundation.   

 

An IT project lifecycle management process is an integrated approach that provides for the 

continuous identification, selection, implementation, monitoring and performance evaluation of 

IT projects. This structured process should provide a systematic method for construction 

organisations to minimise risks while maximising returns on IT investments. To effectively 
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employ IT in construction, the IT project lifecycle management process should have elements of 

three essential phases: (1) IT project(s) selection; (2) strategic IT implementation and 

monitoring; and (3) IT performance evaluation. However, each phase should not be viewed as a 

separate step. Rather, each is conducted as part of a continuous, interdependent management 

effort. Information gained from one phase is used to support activities in each of the other two 

phases. With this in mind, this research study aimed to develop an appropriate framework and 

associated tools for each phase of the IT project lifecycle. The developed three frameworks are 

detailed individually in the following paragraphs. 

 

The developed IT project(s) selection framework utilised information economics theory to 

encompass the full spectrum of direct and indirect costs, tangible and intangible expected 

benefits and the intangible risks associated with IT project proposals, considered for funding by 

the organisation. To incorporate the uncertainty that normally surrounds quantifying costs, 

benefits and risks, the framework employed a simple but powerful fuzzy logic technique to 

integrate all the monetary and non-monetary factors into a form that enabled the ranking of 

proposals. A case study was undertaken with a large international project management and 

development organisation to demonstrate the framework’s applicability. The case study 

illustrated the effectiveness of the proposed approach for ranking IT project proposals. 

 

Once a portfolio of IT projects is selected for funding by the organisation, it needs to be 

strategically implemented and monitored over its lifecycle. A strategic IT implementation and 

monitoring framework was developed to enhance the effectiveness and efficiency of this phase. 

The framework is premised on a hybrid analysis utilising the Analytical Hierarchy Process 

(AHP) and SWOT analysis. A case study was undertaken to demonstrate the applicability of the 

proposed framework in the strategic implementation and monitoring of a Project Management 

Information System (PMIS) by a large Australian construction-contracting organisation. The 

framework application proved to be successful in helping the organisation to develop 

appropriate strategies for the effective and efficient implementation of the PMIS. 

 

An IT performance evaluation framework and method was then developed for the final phase of 

the lifecycle. This framework was the primary focus of this Ph.D. research study and was 

structured using the Balanced Scorecard (BSC) principles adapted to the specific requirements 

of the construction industry. The framework was structured using a hierarchy of IT performance 

perspectives, indicators and measures. Five definable perspectives were conceptually developed 

through analysis and synthesis of the ‘IT business value’ evaluation literature. These are: 

operational, benefits, technology/system, strategic competitiveness and user orientation. 

Indicators and measures were extracted from the mainstream IT literature and construction 
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management literature, as well as the emerging literature on information economics. The 

preliminary list of indicators was initially screened through consultation with construction 

professionals and conceptual cause-and-effect mapping. The screened list of project-tier 

indicators was further refined through questionnaire dissemination. The questionnaire was sent 

to 322 construction project participants from large construction-contracting and project 

management organisations located within Australia. The five framework perspectives were 

statistically validated through the principal component factor analysis with varimax rotation. 

Each perspective and indicator’s relative weight was numerically established using the 

questionnaire survey results as input to the recently developed Performance Measurement 

Process Framework (PMPF). The reason that the performance measures were not justified 

through a quantitative analysis was due to their dynamic nature. Most performance measures 

change, and will continue to change, with new technology.  

 

The developed perspectives, indicators and measures were all compiled into a generic 

‘Construct IT’ BSC that can serve as a template for application at other decision-making tiers of 

a construction organisation. The problem of combining performance measures, with varying 

metrics, into commensurable units (utiles) was achieved by applying utility theory.  

 

Finally, the developed ‘Construct IT’ BSC was utilised for a project-tier survey to test the 

interrelationship between framework indicators and perspectives. Using information collected 

from 82 project professionals, from large construction-contracting and project management 

organisations, correlation and independent sample t-tests (one-tailed) provided support for the 

‘Construct IT’ BSC. Specifically, findings suggest that the ‘Construct IT’ BSC can be used as a 

tool for monitoring the IT-induced value creation process. In addition, it appears that the 

proposed ‘Construct IT’ BSC framework and associated performance evaluation method is both 

flexible in design and can be modified to suit the needs of individual organisations. These 

characteristics make the framework continuously relevant to the dynamic nature of IT projects. 

 

In summary, the proposed IT project lifecycle management process, and its associated 

frameworks, provides a holistic view of IT implementation in construction and offers significant 

contributions to current body of knowledge on IT in construction.  
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CHAPTER  1 
 
 
 

INTRODUCTION 
 

 

1.1 General Remarks 

 

Construction organisations are currently facing market and business conditions that are 

changing at a rapid pace. The situation is forcing them to confront requirements that were 

unusual a few years ago. Indeed it is widely recognised that business and social trends are 

driving the construction industry through a period of radical change (Betts, 1999). The principal 

and traditional sector concern about the cyclical nature of the construction industry has given 

way to the recognition that there are other forces in the market, at this time, that are more 

important for the current and future success of construction organisations. These forces are, 

among others, the growing intensity of competition, which has produced a continuous reduction 

in the profit margin for each project and for global sales; the participation of an increasing 

number of foreign companies attracted by stable markets with high growth potential; the 

increasing requirements of clients, especially concerning quality and time; and the greater 

complexity and technological demands of current construction projects. 

 

Innovation and technology development, particularly Information Technology (IT), provide 

positive opportunities with which the construction industry can face present and future needs 

and challenges. Technology development is more accelerated each day and new IT applications 

and tools are regularly offered for potential implementation in construction organisations. Other 

industries such as manufacturing, banking, insurance and telecommunications, to name a few, 

have embraced innovative IT. The construction industry has been traditionally slower than other 

sectors to adopt IT advances. This is particularly true on construction projects where manual 

management methods are still the norm. However, the first signs of the use of IT-enhanced 

project management approaches are beginning to appear. 
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Moreover, there is dissatisfaction by construction organisations with many of their IT 

investments, which have then placed further downward pressure on IT uptake and budgets. This 

dissatisfaction is due largely to the lack of managerial understanding of the tangible and 

intangible benefits, and direct and indirect costs, associated with IT investments. Additionally, 

the strategic competitiveness of IT investments is often overlooked when selecting or evaluating 

an IT project. The performance of IT investments and their evaluation has been described, by 

some researchers, as the �productivity paradox� (Dos Santos and Sussman, 2001). Nevertheless, 

there are ways out of this productivity paradox. Several of the more critical are related to 

improved ways for selecting, implementing, monitoring and evaluating IT projects over their 

lifecycle. A �cradle to grave� framework is holistic and dynamic and relies on a judicious 

mixture of �the business case�, appropriate criteria and metrics, managerial and stakeholder 

judgement and processes, together with motivated evaluators. This approach may serve to begin 

to demystify the �IT productivity paradox�, and reveal that it is as much about human issues as 

technological issues.  

 

This research dissertation was inspired by the perceived lack of an appropriate solution to IT 

project(s) selection, implementation, monitoring and evaluation in the construction industry. 

The developing of a series of frameworks for IT project selection, implementation and 

evaluation, and the associated guidelines and procedures at all tiers of a construction 

organisation, is a young field of research. It is a field that is still struggling to define its place 

within the large family of academic disciplines. Being a young branch of science, IT in 

construction lacks a solid methodological foundation (Bjork 1999). It is this lack of 

methodological foundation that has provided the rationale for the development of tools and 

techniques for the management of IT projects at each phase of their lifecycle. Because of the 

importance of the research and the findings of this study, their timely dissemination to the wider 

field of construction management research was seen as most important. To this end the 

outcomes the research have already been or will be presented shortly, in both journal and 

conference publications. For this reason the layout of the dissertation is unconventional, being a 

compilation of journal and conference publications addressing the three phases of the lifecycle. 

 

1.2 Objectives and Scope 

 

Having recognised the need for developing a construction specific framework for each phase of 

the IT project lifecycle, the following objectives were identified for this research dissertation. 

Figure 1.1 details the input, research activities and expected output for each stage of the 

research dissertation. The successful completion of each of these individual activities has led to 

the achievement of the research goal.  
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Figure 1.1  Research activities and expected output 

 

1.2.1 Compilation of knowledge 

 

The primary objective of this research activity was to undertake a comprehensive literature 

review in the following fields of research.  

 

• The extent of IT implementation in construction; 

• Reported IT investment appraisal techniques; 

• Reported IT project selection frameworks (all industries); 

• Reported performance measurement frameworks developed (for non-construction 

industries); 

• Reported IT performance measurement frameworks for the construction industry; 

• Reported strategic IT implementation and monitoring frameworks and their relevance to 

construction (all industries); 

• IT integration and performance measurement literature (IT specific); and 

• Implementation of performance measurement within an organisation. 
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1.2.2 Conceptual framework  

 

Conceptual framework development is a major component of this research dissertation due to 

the relative youth of IT projects measurement and management research in the construction 

industry. The bulk of the research in this field has come from other industries (e.g. 

manufacturing, insurance, banking, etc.), where there has been greater acceptance of IT 

applications and tools. In general, the construction industry lacks an appropriate solution to the 

IT productivity paradox. The first step in developing a conceptual framework was to undertake 

a critical review of reported investment appraisal techniques and the aligning of these with each 

phase of the IT project lifecycle (i.e. IT project selection, strategic IT implementation and 

monitoring, and IT performance evaluation). The conceptual framework was later refined 

through questionnaires, interviews and case studies. 

 

1.2.3 Questionnaires/interviews and analysis of results 

 

The refinement of the conceptual framework was undertaken through questionnaires, interviews 

and case studies with construction organisations in Australia. The questionnaire/interview 

research activity and analysis of results was an iterative process that was undertaken 

continuously over the research period. Continual industry input throughout the research process 

has improved the relevance and practicality of the framework. The type and level of industry 

input gained varied for each individual phase (i.e. IT project selection, implementation and 

evaluation) of the framework. Phone consultations, interview sessions, questionnaires and case 

studies, in later stages, were used as the techniques to refine the conceptual framework. The IT 

performance evaluation phase of the IT project lifecycle was the primary focus of this research 

dissertation and received the most quantitative research attention. 

 

1.2.4 Refined framework 

 

After the quantitative analysis of the industry input, the conceptual framework was then refined. 

The aim of this stage of the research was twofold: (1) to provide the conceptual framework with 

a strong construction orientation; and (2) to adjust and refine the conceptual framework. 

Practical guidelines and procedures for construction professionals were also concurrently 

developed with their associated frameworks. The refined framework was then tested through 

industry-based case studies. Case studies implementing the refined framework were undertaken 

with large construction organisations. The refined framework consists of three individual 

components relevant to each phase of the IT project lifecycle: selection, implementation and 
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evaluation. These frameworks were implemented partially or fully in the case studies. It should 

be noted that this research dissertation does not fully validate each framework, since this would 

require three to five years of further research. Such a timeframe is well beyond the scope of this 

research dissertation.  

 

1.2.5 Summary of developed frameworks 

 

The final objective of the research was to develop a practical method for the application of each 

respective framework of the IT project lifecycle. The activity involved the manipulation of the 

each developed framework into a step-by-step procedure for managing IT investments. The 

proposed method aims to ensure the most efficient and effective management of IT investments 

in the construction industry. In summary, the research objectives are summarised as follows: 

 

• Compiling knowledge through a comprehensive literature review; 

• Developing the conceptual framework for each phase of the IT project lifecycle; 

• Undertaking industry questionnaires/interviews and the analysis of results; and 

• Refining and applying the framework through industry-based case studies. 

 

1.3 Layout of Thesis 

 

Following the introduction to the research study, in this chapter, Chapter 2 provides an 

overview of IT in the construction industry. The review provides an up-to-date overview of the 

current state of IT implementation in the construction industry, and the potential applications 

and benefits of innovative IT. 

 

Chapter 3 details the IT project lifecycle, consisting of three interrelated phases: (1) IT project 

selection; (2) IT implementation and monitoring; and (3) IT performance evaluation. Each 

phase is a dynamic process and so the chapter looks at the research challenges of each phase of 

the IT project lifecycle; it emphasises the need for robust IT project selection, implementation 

and monitoring, as well as a performance evaluation framework specific to the construction 

industry.  

 

An extensive literature review on current IT investment appraisal techniques, as applied to all 

industries, is provided in Chapter 4, along with a construction-specific example of the methods 

application to IT in construction. The chapter concludes with a summary of which investment 

appraisal technique is suitable for each IT project(s) lifecycle phase. 
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The IT project selection phase of the IT project lifecycle is detailed in Chapter 5. A structured 

framework and method for IT project(s) selection is illustrated with an example of its 

implementation provided. 

 

Chapter 6 presents an examination of the next phase of the project lifecycle: IT project 

implementation and monitoring. The chapter details the lack of strategic implementation of IT 

projects in construction and goes on to develop a structured step-by-step framework and 

method. Once IT projects are successfully implemented, they need to be regularly monitored for 

performance. This chapter introduces the concept of performance measurement and how the 

employment of measures is imperative in the success of the new IT application or tool. 

 

As performance measurement is the primary focus of this research dissertation, Chapter 7 

introduces the final phase of the project lifecycle, IT performance evaluation. It is this 

evaluation which is the crux of this research and it is in this area that the majority of the industry 

input is provided. The concepts of IT benchmarking and IT performance measurement, at 

decision-making tiers of a construction organisation (i.e. project, business unit, and enterprise 

tiers) detailed. This chapter presents the development of a tiered �Construct IT� Balanced 

Scorecard (BSC) and discusses the requirement for industry specific performance indicators and 

measures. In addition, the complete development of the research method is illustrated towards 

the end of the chapter. Thus Chapter 7 provides the fundamentals for a robust IT performance 

evaluation framework and method, which are then further enhanced in Chapters 8, 9 and 10. 

 

The tiered �Construct IT� BSC, developed in Chapter 7, requires the development of 

construction specific IT performance measurement perspectives. Therefore, Chapter 8 

extensively reviews current multi-perspective IT evaluation frameworks, developed for all 

industries, and details five interrelated IT perspectives for measurement, as justified by an 

industry-based pilot study, viz.: (1) operational; (2) benefits; (3) technology/system; (4) 

strategic competitiveness; and (5) user orientation. Each perspective is discussed in detail in the 

chapter and the integration of perspectives into the developed �Construct IT� balanced scorecard 

is described. 

 

Each of the perspectives developed in Chapter 8 has a series of IT performance indicators and 

measures relevant to particular decision-making tiers of a construction organisation. In Chapter 

9 a summary of the IT performance indicators is established through questionnaire surveys 

conducted with Australian construction organisations. These IT performance indicators identify 

with tier specific processes or objectives of the organisation. The performance of these 

indicators, is established through specific measures that must be developed in relation to the 
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indicators. The chapter finishes with a description of the complete development of a �Construct 

IT� BSC which links perspectives, indicators and measures at decision-making tiers of a 

construction organisation. 

 

To evaluate the performance improvement of IT implementation in construction organisations, a 

method has been developed. This method is described in Chapter 10. The proposed tiered IT 

performance evaluation framework aims to provide construction organisations with a structured 

methodology to calculate: (1) IT performance of tier specific performance indicators; (2) overall 

IT performance of each perspective at organisational tiers; and (3) overall IT performance at 

each organisational tier. Chapter 10 details the proposed structured method with which to 

evaluate IT performance improvements at decision-making tiers and provides an application 

example. 

 

Chapter 11 details the case studies and industry-based surveys undertaken within Australian 

construction organisations. These studies implement the refined IT project(s) selection, 

implementation and performance evaluation frameworks. These case studies illustrate how the 

developed frameworks can be employed in construction organisations.  

 

The outcomes of this research, associated conclusions and recommendations for further studies 

are summarised in Chapter 12. Relevant information and data are given in the Appendices. 
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CHAPTER  2 
 
 
 

INFORMATION TECHNOLOGY IN CONSTRUCTION 
 
 
2.1 General Remarks 

 

Information is a key resource within any business activity. Researchers, software developers and 

practitioners are now applying Information Technology (IT) and Information Systems (IS) to 

automate selected phases of the construction process. The use of IT in construction is becoming 

increasingly sophisticated with virtual reality, knowledge-based systems, object-orientated 

approaches and neural networks among the latest technological advances. The knowledge-based 

applications embrace design, management and economics. The purpose of these applications, 

and the thought given to the business and management implications of technology, are less 

advanced. Indeed, there appears to be some reluctance to recognise that IT can exploit strategic 

opportunities for IT use across the whole construction sector and not within individual parts of 

the process (Love et al., 2001).  

 

The aim of this chapter is to provide a general overview of IT in the construction industry. The 

chapter begins by defining IT for the purpose of this research dissertation. It then provides a 

background to the current levels of IT use in the construction industry and the potential use of 

IT by the industry sector. The chapter finishes by illustrating the many benefits and barriers to 

strategic IT implementation in construction and the prevalent research activities investigating 

opportunities for re-engineering existing processes through IT implementation. 

 

2.2 Definition 

 

Defining the scope and boundaries of the use and performance of IT in construction is difficult 

due to the relatively limited detailed research that has been carried out in the field (Bjork, 1999).  

To many, IT in construction encompasses the use of all electronic means of information transfer 

(computer networks, local area networks LANs, Internet, mobile phones, faxes, etc). Others see 

IT as the use of the latest technology, such as knowledge-based systems, computer-based 
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decision support systems and object-orientated CAD, while others see it as part of the 

management strategies and the concepts of concurrent engineering, just-in-time production and 

process re-engineering. Such diversity has led to a number of different IT definitions. This 

dissertation adopts an information-centric definition, which encompasses the use of electronic 

machines and programs for the processing, storage, transfer and presentation of information. 

The definition demonstrates the key role that IT plays in improving the effectiveness of 

communication and information exchange in the context of managing a construction project.  

 

Construction is defined as the production of artefacts such as buildings, process plants, roads 

and bridges. Unlike other manufactured products these artefacts are usually constructed on-site, 

are usually one-of-a-kind and take a long time to build. Further, the construction process should 

also include the whole lifecycle including design, construction, operation, maintenance and 

disposal.  

 

2.3  Background 

 

The use of IT is growing rapidly, and it is expected to be the dominant form of business 

communication between organisations in the near future. So far the diffusion of IT utilisation in 

the construction industry has not progressed according to expectations; there are examples of IT 

applications (e.g. web and multimedia technologies and video conferencing) failing to achieve 

satisfactory levels of adoption, practical application and usage if adopted (Betts, 1999). 

 

Barriers to widespread IT utilisation include the very nature of how the industry operates one-

off projects, industry fragmentation, lack of client leadership, the low level of technology 

awareness and training, the required up-front investment, on-going maintenance costs and 

resistance to change (Joia, 1998). 

 

Data from the Australian Bureau of Statistics (1999) shows that the construction industry in 

Australia lags well behind other industries in its uptake of key IT areas. In nearly all aspects of 

IT that have been identified, the construction industry is well behind other industries (Table 

2.1). The use of networked computers is the lowest IT use, with only 8.2% of the industry 

utilising this technology. Indeed, when compared with those industries closely associated with 

the construction industry, the construction industry is behind those industries in all areas (Table 

2.1). Although the 56% of construction companies use personal computers, this is still behind 

the industry average of 64% and well behind the mining industry at 80%. It is interesting to note 

that the mining industry is the leader in all areas of IT identified by the Australian Bureau of 

Statistics. Of course, the level of IT usage does not automatically reflect the efficiency of an 
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industry, but it is seen as the driver of innovation and so IT usage is one indicator of an 

industry�s level of adopting innovation. 

 

Applications of IT in construction have attracted increasing worldwide attention. A number of 

surveys have been conducted in recent years to investigate the status of IT applications in the 

industry. For example, Betts et al. (1991) surveyed the use of IT in construction in Singapore; 

Aouad and Price (1994) reviewed the use of IT in construction planning in the UK and the US; 

O�Brien and Al-Soufi (1994) surveyed data communications in the UK construction industry; 

Aouad et al. (1996) conducted a survey to identify the priority IT topics likely to be of benefit in 

the future; Shen (1996) assessed the impact of IT on the construction industry in Hong Kong; 

and Samuelson (1998) examined the current situation of IT applications in the Swedish 

construction sector. 

 

Most of the literature regarding IT use in construction applies a strategic perspective which 

primarily addresses the opportunities and challenges faced by the IT sponsoring/promoting 

organisation. For example, Betts and Ofori  (1994) suggested that IT offers opportunities as 

strategic weapons to gain competitive advantage, improve productivity and performance, enable 

new ways of managing and organising, and developing new business. Tucker and Mohamed 

(1996) identified and discussed a number of non-technical barriers to the implementation of IT. 

They advocated that IT tools may not be that effective without simultaneous cultural and 

organisational innovations. Using the 13 leading engineering consulting firms in Taiwan as 

samples, Tan (1996) identified a number of information technologies as making impact on the 

competitiveness of a consulting firm. 

 

Table 2.1  Percent of companies using IT by Australian Industry (ABS, 1999) 

Industry PCs LAN/ 
WAN 

Internet 
access 

Email 
access 

Web 
Access 

 
Mining 80.4 38.0 46.8 46.3 42.4 
Manufacturing 70.8 20.1 31.5 29.9 25.3 
Construction 55.9 8.2 20.2 18.9 16.2 
Wholesale trade 75.8 31.1 40.9 40.1 36.3 
Retail trade 53.0 17.7 16.9 16.7 13.6 
Accommodation/cafes/restaurants 46.9 8.6 16.4 13.7 14.9 
Transport & storage 52.9 15.8 20.0 19.8 16.4 
Communication services 72.7 16.5 44.5 44.5 37.7 
Finance & insurance 72.8 22.7 39.6 38.3 34.6 
Property & business services 78.6 31.4 46.4 44.7 40.9 
Health & community services 67.8 19.9 31.7 31.0 29.9 
Cultural & recreational services 64.3 17.2 35.0 34.8 30.8 
Personal & other services 43.8 13.5 21.8 21.0 19.0 
Business Average 63.9 20.4 30.1 29.1 26.0 
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Stewart and Beswick (1998) adopted the Strategic IT Health Check, developed by the Construct 

IT Centre of Excellence (UK), to identify the strategic use of IT by Australian construction 

organisations. They found that major Australian construction companies are well advanced in 

their strategic use of IT. However, their opposition to investing in innovative IT development 

and uses has the potential to limit the benefits achieved from IT. Similarly, Shen and Fong 

(1999) studied IT applications among contractors in Hong Kong and found that the local 

construction industry is quite conservative in their IT adoption and use. 

 

With the above strategic perspective in mind, the relationship between IT adoption and 

competitive advantage has attracted a great deal of attention. Because of the complexity of this 

relationship some researchers have focused only on the impact of IT at the industry or top 

management level, where IT has been promoted as an enabler to change products and services, 

markets and production economics (Love, 1996; Mohamed, 1996). The common theme among 

these research studies is the need for organisations to investigate how IT assists in changing the 

way they conduct business rather than merely improving current business applications. 

 

Other researchers have examined the role of IT in affecting the organisation�s operational 

efficiency and functionality, with the view of integrating IT into processes in the value chain to 

improve performance. Yetton et al. (1994), using a small architectural firm as a case study, 

demonstrated how IT becomes an integral part of a firm�s core business processes and helps 

gain competitive advantage. 

 

Ahmad et al. (1995) state that the ability of design and construction organisations to seize the 

opportunities IT can offer and to plan for the changes IT can bring will become one of the most 

important indicators for their success in the era of information. Walker and Rowlinson (1999) 

report that Australian industry professionals generally support the advancement of IT in the 

industry. However, there are some issues of concern with regard to security, staff and training 

and technical support.  

 

2.4 IT in Construction 

 

Despite the perceived benefits of IT adoption in the construction industry, the industry is 

making insufficient use of IT tools and applications. As previously reported, Tucker et al. 

(2001) comment that data exchange between project participants is still largely undertaken on 

paper. Furthermore, the construction industry has been identified as not having a coherent and 

integrated computer system that encompasses the whole of the construction process from design 
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through construction to final account and facilities management, even though existing 

technology can make this possible.  

 

Throughout the world, the construction industry in general is highly fragmented with significant 

negative impacts � perceived low productivity, cost and time overruns, conflicts and disputes, 

and resulting claims and time-consuming litigation. These issues have been acknowledged as 

the major causes of performance-related problems facing the industry (Mohamed and Tucker, 

1996; Walker et al., 1999).  The consequences of the fragmentation problem include the lack of 

coordination between various project participants and the cumbersome task of handling data 

generated by different parties, in diverse forms, throughout the project lifecycle (Evbuomwan 

and Anumba, 1998). For this reason, communicating/networking via IT is regarded as the most 

important opportunity for the future (Aouad et al., 1996).  

 

Betts et al. (1999) analyse the current strategic role of IT and the way it is used for business 

efficiency in construction.  In doing so, they identify a number of key competition and business 

strategy drivers which influence the process of strategic exploitation of IT. These include the 

organisation�s core competencies, competitive behaviour, vision of the role of IT, and the 

formation of national and/or international strategic alliances.  The role of IT should not only be 

viewed in terms of automating information handling and processing, but should be viewed in 

terms of adding value by re-designing traditional processes. Mohamed (1996) highlights the 

inappropriateness to invest in IT to reinforce existing processes and expect different results. 

 

Although the lack of progress of construction organisations in adopting IT is frequently blamed 

on the nature of the industry and the lack of investment in this area, Betts et al. (1999) suggest 

that the main problem lies in the way the organisation allows IT to be managed. They argue that 

the management of IT is in need of more attention, thus indicating considerable room for 

improvement. Until now, the conventional IT focus has been aiming to strategically reduce �cost 

drivers� in the industry by eliminating unnecessary costs, requirements, processes and 

duplication. In addition to these cost-improvement schemes, it is argued that organisations need 

a long-term framework that focuses on changing business relationships from adversarial to an 

integrated mindset and creating value through flexibility and customisation (Alsagoff, 2000).  

 

As well as strategic IT planning, Pena-Mora et al. (1999) advocate that organisations should 

also develop sound strategic IT implementation plans. Such planning would allow greater 

accuracy in planning; provide data on the return of an IT investment; reduce the risk associated 

with such a strategic IT investment; and monitor the benefits of this investment over its 

lifecycle. Alsagoff (2000) stresses the importance of strategic IT implementation by considering 
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a variety of implementation issues, such as organisational structure, management style and 

human resource policy. Unfortunately, many organisations appear to approach the whole 

management of IT in an unstructured or ad hoc manner throughout the technology�s lifecycle 

(Irani and Love 2000). Therefore, a formal holistic approach to the management of IT should be 

adopted to assess costs, benefits and risks associated with IT implementation (Stewart and 

Mohamed, 2000).  

 

There is also a need for the expansion of construction IT into an �industry wide supporting tool 

for change�. The expansion will help prevent the existing fragmentation between sub-sectors 

and/or levels in the industry, from being compounded. The collective and concerted application 

of IT in construction may provide one consistent feature in construction practices, which 

supports the development of a changed and changing construction industry. Hinks et al. (1997, 

p1) state that �the collective mind set of the industry appears to lack confidence in many of the 

key aspects of its current perceived way of working, and there is a widespread industry 

acceptance of the need for profound change�. 

 

There is little doubt that the construction industry�s level of awareness of IT-based strategic 

change, and the skill needed to implement it, needs to be increased. It is important for all sectors 

and levels of the construction industry to be aware of the strategic uses of IT and to acquire the 

appropriate skills (Department Industry Science Resources, 1999). 

 

2.5 Reported Levels of IT Adoption in the Construction Industry 

 

There are numerous examples of successful IT adoption in the construction industry, both in 

Australia and internationally.  Presented in this section are typical examples of such 

implementation.  However, the case studies presented are not exhaustive but representative of 

current practice. They include case studies from Australia, the United Kingdom, the Republic of 

Ireland, Hong Kong, Canada and Finland. 

 

2.5.1 Australia 

 

In general, the level of adoption and use of IT in the construction industry varies from country 

to country, but in the majority of cases, IT adoption has been somewhat limited.  Further, the 

level of adoption by the Australian construction industry appears to be neither more nor less 

advanced than our international competitors. In 1995 a survey was conducted of 47 Queensland 

contracting company�s current and future applications of IT and the benefits and problems 
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associated with its implementation (Love et al., 1996). The overall objectives of the survey were 

to: 

 

• Examine the communication and information flows within contracting companies and 

between other industry professionals; 

• Assess the potential for implementation of IT in construction; and  

• Investigate the usage of performance and productivity measures for construction projects. 

 

The survey focused on a wide range of technologies at both organisation (head office) and 

project (site) level. The survey revealed that IT has yet to make a significant impact in 

Australian contracting organisations and that advanced computer applications, such as 

simulation, expert systems and direct links between computers, was very limited. The 

contracting organisations did not take full advantage of the developments in IT and its potential 

to affect business strategies, organisational structures and management processes. 

 

Three years later, Clarke and Clarke (1999) conducted a survey of 17 asset managers and 

support staff to assess the efficiency of IT in an Australian public sector building construction 

maintenance management environment. In the study, they examined facets such as: 

 

• Efficiency of training and IT; 

• The effect of IT on human relations within the work place; 

• The perceived impact of IT on efficiency of occupation performance; and 

• An evaluation of IT in the asset management environment. 

 

Although not a conclusive study, both the support staff�s and management�s perception of IT 

were found to be reasonably high in terms of training, human relations and overall qualitative 

and quantitative output. They differed, however, in terms of satisfaction with IT as a whole, but 

recommended further investigation to ascertain a more comprehensive understanding of the 

exact state of affairs within building construction maintenance management. 

 

2.5.2 United Kingdom 

 

In recent years, many new forms of agreements for the procurement of construction projects 

have been developed. Alliance contracting is one such agreement and is defined by Baldwin et 

al. (1996) as �several organisations aligned with each other for mutual benefit on a project 

basis, sharing the risks and rewards and eliminating the adversary relationships normally found 
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on construction projects.� Baldwin et al. (1996) examined the relationship between the 

construction alliance and electronic information in the UK.  The Alliance method of working is 

said to demand fast and accurate information transfer between the alliance partners. This 

outcome was achieved through the introduction of the four main types of information exchange: 

 

• Transfer of data using text files; 

• Electronic mail (e-mail); 

• Document image processing; and 

• Computer Aided Drafting (CAD) data exchange. 

 

According to Baldwin et al. (1996) the construction industry has been slow in adopting these 

technologies, even though they have made a significant impact on the retailing and 

manufacturing industry.  The following benefits gained from its implementation have not been 

fully evaluated in financial terms, but the results have proven the potential of the extended use 

of information exchange, including: 

 

• Guaranteed delivery of data; 

• Improved quality of data; 

• Reduced data handling; 

• Improved communication between the alliance partners; and 

• Reduced risk of project delay. 

 

More recently in Australia, Alliance contracting was adopted for the construction of the 

National Museum of Australia in Canberra (Hampson et al., 2001). The use of a Web-based 

system (ProjectWeb as developed and used by Bovis Lend Lease) was used to enable alliance 

partners to easily adopt its standards and to access it from a single point of entry available 

through the Internet. The Web-based system can be used to instantly share, visualise and 

communicate project information between any project participants, including staff, clients, sub-

contractors, suppliers and authorities.  Similarly to the project reported by Baldwin et al. (1996), 

the National Museum project study reported on the improved data handling, improved quality of 

data and improved communication that existed between the alliance partners. 

 

Atkin (1999) conducted a survey of integrated project information across 11 building projects.  

The study revealed the extent to which project teams were bound together by the use and extent 

of successfully applying IT to support integration. The main seven findings of the study were: 
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• IT is being used to counteract the problems caused by a lack of integrated project based 

work in this fragmented industry, by supporting the electronic exchange of project 

information;  

• Integrating project information is greater when there is a physical distance between the 

project participants. Efforts to effect better communications are helped by the use of IT; 

• The extent of IT use and, therefore, the degree of integration is influenced by the extent to 

which the client and contractor see IT as an important factor in achieving project success. 

Significant time and cost savings were demonstrated from this approach to IT use; 

• Individual project team members may well be prepared to use IT as much as possible, but 

use or commitment can vary significantly. The client can be instrumental in ensuring that IT 

is taken very seriously; 

• Quantity surveyors, acting as the clients� primary consultant on cost, are singled out as not 

being properly integrated into the process. There is considerable potential for delays and 

bottlenecks because quantity surveyors are still requiring paper-based information; 

• Design is largely a process of progressive and interactive development of information and 

detail used to describe the building � the traditional distinctions between the different stages 

have become blurred. There is a good reason to question the traditional stages that constitute 

the �development of the design�; and 

• Many examples of best practice exist and are noted mostly by the seamlessness that results 

from IT enabled processes. There is, however, real danger in that what appears to be a good 

use of IT might be little more than the reinforcement of a practice that adds little value for 

the client � faster information is not necessarily better information.  

 

2.5.3 Republic of Ireland 

 

In 1996 the value of the construction sector in the Republic of Ireland was estimated at 13% of 

the GDP and employed 9% of the workforce (directly and indirectly). These statistics gave rise 

to a 1996 study (Thomas, 1999), that consisted of a questionnaire survey distributed within the 

architectural, consulting engineering, quantity surveying and contracting sub-sectors of the Irish 

construction industry. The results from the study demonstrated that the firms extensively used 

IT, and that there was likely to be an increased future use. However, the study also identified 

that IT was a major concern for future investment and implementation by these firms. Evidence 

suggests that these firms are prepared to change the ways their existing activities are carried out 

and to take more advantage of IT, by acknowledging a consensus that IT will improve 

integration between participants in the Irish construction sector. 

 

Lifecycle Management of IT Projects in Construction  



Chapter 2: IT in Construction   2-10 

2.5.4 Hong Kong 

 

An investigation by Shen (1996) into the current state of IT applications in the construction and 

real estate industry of Hong Kong was undertaken to provide recommendations for companies 

to position themselves in the application of IT. Without proper planning for accommodating 

changes in organisational structures and business processes, the impact of IT implementation 

has been low, even though the Hong Kong government has an established policy that full 

advantage should be taken of modern information technology, especially by the construction 

and real estate industry. Shen�s study found that: 

 

• Of the 62 respondents, the main reasons for investing in computers were efficiency, office 

automation and manpower saving; 

• Most contractors used general-purpose software, such as a word processor, spreadsheet and 

database systems; 

• Contractors made limited use of electronic mail and fax; 

• The main areas where contractors benefited from IT implementation were tender 

preparation, project planning, accounting, information management and claims; 

• Despite the achievements of IT implementation, most respondents felt it failed to save 

manpower on site, did not increase turnover or did not provide competitive advantage; 

• Most respondents agreed that IT could be further applied to the construction industry to 

achieve better cost control and quality assurance; and 

• The most significant barrier to IT implementation was the limited IT knowledge of staff 

members. 

 

An IT survey by Futcher and Rowlinson (1999), incorporating the �Health Check for the 

Strategic Exploitation of IT� (developed by the UK Centre of Excellence for Construct IT), 

surveyed 316 contractors and 207 consultants within the construction industry of Hong Kong.  

Contractors were assessed to be �IT active� in most aspects other than in the formulation and 

delivery of the business and marketing strategy. They were found to be �IT aware� in terms of 

the company�s goals and objectives of the need for R&D, IT staffing, and expertise and skills.  

The consultants were found to be �IT active/aware� for most of the questions and �IT 

innovative� with regard to the impact of IT on clients; periodic review of strategy; 

characteristics of IT strategy; and champions of IT strategy. 

 

The survey concluded that the strategic use of IT by the Hong Kong contractors and consultants 

was that they were �IT aware� and �IT active�, but not �IT innovative�, as defined by the �Health 
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Check of Strategic Exploitation of IT�.  A further similar study by Shen and Fong (1999) 

focused on: 

 

• How contractors use IT in their daily operations, including information flows among 

business partners; 

• The use of computer hardware and software; 

• IT expenditure and training; 

• Management support; 

• Benefits of IT applications; and  

• Problems encountered. 

 

Contractors expressed their main concerns about the problems of the existing paper-based 

communication methods and considered that IT-based communication methods were a better 

way to improve the quality, accuracy, timeliness and useability of information. Due to the 

conflict experienced between the beliefs and behaviours of contractors, a change in the attitude 

of the companies towards IT applications has been suggested by Shen and Fong (1999). 

Contractors need a more positive attitude to using IT and not an attitude of �wait and see�. IT 

professionals and the construction industry as a whole are advised to address the existing IT-

based communications among all professionals within the industry.  Shen and Fong believe that 

once an industry or company within the industry is left behind in IT applications, it will almost 

be impossible to catch up again. 

 

The �Health Check for Strategic Exploitation of IT� survey was also conducted in Australia by 

Stewart and Beswick (1998). This extensive survey of Australian construction consultants and 

clients/developers was undertaken and 89 participants from more than 55 companies completed 

the survey. The study suggests that the major Australian construction companies are moderately 

advanced in their strategic use of IT, however their opposition to investing in innovative IT 

development and uses will restrain the benefits being reclaimed from IT. This attitude appears 

to have further delineated the boundaries between innovative and conservative construction 

companies. 

 

2.5.5 Canada 

 

A survey by Rivard (1999), providing a glimpse of the current use of IT in the Canadian 

construction industry, found that most firms are still not computerised. While IT, in general, was 

found to be beneficial, it also increased the complexity of the work, administrative needs and 
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the cost of doing business.  More research (according to the contractors surveyed) was needed in 

the implementation of computer-integrated design and construction, which could integrate the 

data and communication among firms.  

 

2.5.6 Finland 

 

Naaranoja (1999) interviewed thirteen Finnish real estate companies to determine the benefits 

and the costs of IT systems in building maintenance management.  The study found that the 

benefits of IT systems are based on the experience of internal processes, such as the �four 

phases of implementation� of the IT system.  These four phases influence the kind of benefits 

the company is pursuing and how much money the company may use in the evaluation of 

different software solutions. 

  

2.6 IT Applications and Use in the Construction Industry 

 

A study by Paulson (1995) identifies that IT can be applied to, and assist, the construction 

industry in three main areas: construction management and administration; construction 

engineering; and automated data acquisition and process control. These categories can be 

further divided into nine sub-categories that further illustrate where IT can be applied within the 

construction industry: 

 

• Accounting and pay roll; 

• Cost engineering; 

• Company and project finance; 

• Project planning and scheduling; 

• Materials management; 

• E-commerce/e-business; 

• Human resources management; 

• Office administration; and  

• Education and training. 

 

In a more recent examination, Tucker et al. (1999) identify a further nine specific areas within 

the construction industry that employ technology for a particular purpose, including: 

 

• Tendering � electronic lodgment of tenders; 

• Design stage � CAD, analysis programs, transferring design information; 
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• Communications � throughout the building process electronic communication is used; 

• Integration � the sharing and distributing of information among different organisations 

involved in a building project; 

• Process re-engineering � more efficient handling of the building process; 

• Construction management � efficient management of the construction process; 

• Facilities management � efficient management of the operation of a building post 

completion; 

• Benchmarking � enabling organisations to determine their performance in relation to others;  

• Simulation and virtual reality � experimenting with �what if� scenarios to enhance planning 

activities. 

 

The following six sections highlight some of the more recent advances in technology that are 

being adopted in the construction industry. They are the Internet and the World Wide Web 

(WWW), wireless technology, integrated databases, electronic tendering, videoconferencing and 

recording, and virtual reality and simulation. 

 

2.6.1 The Internet and the World Wide Web (WWW) 

 

Both the Internet and the World Wide Web are recent advances in technology. Neely (1996, 

p.10) defines the Internet as �a network of networks, linking hundreds of thousands of 

academics, government, military and public computer systems, enabling literally millions of 

people from diverse cultures to share information and their resources�. Fu and East (1999, p.26) 

define the World Wide Web (WWW) as �an extension of the fundamental capabilities of the 

Internet and may be described as hyper-media-based distribution information system.� While 

not strictly the same, many people today use the terms of Internet and World Wide Web 

interchangeably. This does not seem unreasonable, as it would be difficult for one to exist 

without the other. 

 

It is claimed by Ebiri (1999) that one in forty people in the world currently have accessed the 

Internet and that by the end of 2005, it is expected that a total of 720 million users will �log on�.  

A study by Dobson et al. (1996), using the Internet as a medium for the exchange and 

management of architectural design information, analysed the technical, architectural, 

information management and education aspects of the terms of international architectural and 

construction practices. Although the available electronic communication technologies 

implemented in the study limited the type of interaction, particularly in the area of synchronous 

working, this form of collaborative work with CAD based design projects was found to be 
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effective and rewarding. Further research into technologies, such as videoconferencing, 

interactive whiteboards and image editors, was recommended by the study. Dobson et al. (1996) 

concluded that access via the Internet to shared design frameworks, in which changes by one 

specialist are reflected in the database of another, will be a useful model for collaborative work 

between construction disciplines of the future. It could bring efficiency gains, improved 

information management and fewer design discrepancies. Indeed the use of the Internet, as a 

communication tool, will increase as consultants receive more technical data from online 

sources and become familiar with the technology. 

 

Varzavand and Salim (1998, p317), who reviewed the utilisation of the WWW as a tool to 

support management techniques for successful project management, discuss the current 

capabilities and future role of WWW in the management of construction projects. The report 

concluded that the �WWW offers tremendous potential to materialise needed information of 

tasks, functions and coordination between the parties that are essential for successful completion 

of construction projects.� 

 

In their study, Walker and Rowlinson (1999) highlight that many potential clients of the 

construction industry are already making use of the WWW as an effective, every day business 

and communication tool. Yet they conclude that there is a lack, amongst contractors, suppliers 

and design teams, in the �taking-up� of electronic communication, which in turn can jeopardise 

future business relations due to not being able to �keep up� with the clients dominant channels of 

communication. 

 

The WWW served as the foundation of a study that enabled Fu and East (1999) to work 

simultaneously on a three-dimensional building model (virtual design review). They were 

attempting to improve the way the reviewers worked in three significant ways: 

 

• Viewing, retrieving and storing information; 

• Facilitating interaction between reviewers and designers; and 

• Providing autonomous or simultaneous agents that are capable of performing parts of the 

design review process. 

 

The two most important benefits of using the WWW for developing a design review system 

were found to be: 

 

Lifecycle Management of IT Projects in Construction  



Chapter 2: IT in Construction   2-15 

• Useful tools for information storage and retrieval; communications and modelling already 

exist for the WWW, obviating the need to develop applications that perform similar 

functions; 

• A standardised interface for basic interaction between the human and computer already 

exists. 

 

The study found that, despite the variety of tools available for the WWW, there are several 

technological issues that must be addressed for the implementation of the virtual design review. 

These include: 

 

• Data transmission band-width facility of the Internet � between server and client; 

• Non-viable technologies, such as multi-way audio conference and application document 

white-boarding; 

• Computer hard and software compatibility and process power; 

• Cost of building and maintenance of computer models (VRML); 

• Fidelity of Virtual Reality Modelling Language (VRML) building model; 

• Responsiveness of navigation; 

• Security � secure communication between server and clients to ensure that the integrity of 

reviews is maintained; and 

• Human and computer co-operative work issues � overwhelming new users with audio and 

visual information. 

 

Akinsola et al. (2000) conducted research into the development of an automated communication 

system using Internet technology for managing construction projects. The goal of the research 

was to develop a method and a system that will ease and improve communication and data 

exchange between the construction team, by providing an automated integrated environment for 

communication, retrieval, storage and distribution of project documents. The research 

concluded that the integration of the processes with information is achievable using the evolving 

information technology, especially the capabilities of the Internet. The performance assessment 

showed a saving of more than 90% in person-hours and estimated huge savings in cost. 

 

Web-based technology was used by Skibniewski and Abduh (2000) to achieve technological 

and organisational integration in managing construction projects. The research concluded that 

there was a significant potential benefit from correctly developed and applied web-based 

solutions for construction firms and construction project site offices. 
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2.6.2 Wireless technology 

 

According to Dawson (1999), the Wireless Application Protocol (WAP) is one way of bringing 

powerful information delivery and interactive Internet access to people with mobile phones. 

This is achieved by taking the WWW to its next logical step � off the desktop and into the 

pocket. Remote (in the field) users of WAP services can benefit from having direct access to the 

Internet at the push of a button. It is designed to transmit Web Information by reformatting 

transferred information for the limited bandwidth of digital mobile phones and smaller screen 

displays. With dependable companies involved in finding content providers that are willing to 

�embrace the brave new world� in its development, WAP technology �can only get stronger�. 

 

The objective of the recent QUT �Wireless Laboratory System� research project (Moody, 1999) 

was to develop a system that is able to transfer data and images from a hand-held computer to a 

host computer over a GSM network, via a mobile phone and a desktop modem. The researchers 

identified six industrial applications for the system: 

 

• Land mapping for surveyors; 

• Radio-active mining sites; 

• Asset management; 

• Construction industry; 

• Communication from a remote site; and 

• Assessing remote terrains using photographic images, etc. 

 

Although, research into WAP applications in construction is limited at this stage, it appears, to 

offer very significant benefits to an industry as decentralised as that of the construction industry. 

Further research and development is certainly warranted. 

 

2.6.3 Integrated databases 

 

Aouad (1996) investigated the development of a framework for an integrated database, which 

facilitates the design and construction processes of a project. According to Aouad (1996, p.14), 

�ideally, every piece of information whether it is a fact, a figure, etc. should be stored only once 

in the database and the client, designers, suppliers, contractors and external bodies should have 

access to the same data. This ensures that information in the database is consistent and all 

disciplines have access to common data.� Traditionally, drawings are considered the main 

sources of information for project participants. However, drawings are just a particular 
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representation of information, which could be expressed in a number of different ways. 

Implementing an integrated project database requires significant changes to the way the 

construction industry operates today. Authorised users can (as required) retrieve the following 

project information through communication means, such as networks, satellites and the Internet: 

 

• Client requirements; 

• Designers� specifications and representations; 

• Estimators� cost estimates; 

• Planners� time estimates; and 

• External authorities requirements and constraints. 

 

Aouad (1996) warns, however, that industry involvement, framework, project planning, 

advanced information modelling and knowledge elicitation techniques are critical factors that 

need to be observed to ensure the successful development and implementation of an integrated 

database system. These databases are envisaged to offer many benefits for the construction 

industry in terms of improved efficiency, better management and enhanced performance. 

 

Dobson (1999) used student design works to determine architectural issues in the 

implementation of an integrated project database as the forum for design development. Due to 

project team members being known for predominantly �project-based� rather than �long-term� 

partnerships and project participants requiring the project data to be transmitted in specific 

formats to suit the requirements of their individual software applications, makes data capability 

difficult to achieve. An integrated project database concept is seen as becoming �the multi-

disciplinary design model of the future�, but for this to become a reality �architects will need to 

come to terms with a design process, which has information technology at its core� (Dobson, 

1999, p.10). For architects to sustain a key role in the design and construction team of the 

future, Dobson suggests that they embrace those new technologies and alter the way in which 

they approach design. This will help them work more effectively in a multi-disciplinary, digital 

design environment. 

 

The utilisation of a computer-aided system, for the exchange of best practice knowledge which 

enables construction companies to search more cost effectively was identified by Stockdale 

(1998). Stockdale believes that construction teams will improve their services by having rapid 

access to large data banks, speedy transmission of data and improved monitoring facilities. The 

ability to locate disparate information from a variety of sources, coupled with innovations such 

as teleconferencing, use of satellite based communications and Intranets, can improve the 

quality of decision-makers and service offered to clients. 
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A barrier to such databases, however, is the volume of available knowledge or data. A 

comparison of Construction Information Technology (CIT) related on-line databases, was 

undertaken by Li and Davies (1998). It showed that in the last twenty years, the construction 

industry has experienced a surge in developing and applying information technologies. The 

results of the research implied that CIT, as a newly emerged research field, has not yet 

developed much of the seminal knowledge needed to constitute a formative body of knowledge. 

 

2.6.4 Electronic tendering 

 

In 1996 the NSW Department of Public Works and Services (DPWS) began advertising 

construction and supply tenders on the Internet. The use of the Internet allows interested parties 

to search for more detailed tenderers, at a lower cost than advertising in newspapers, more 

quickly and efficiently. This allows tenderers to prepare their bids more efficiently, permitting 

the faster transfer of information between all parties involved in the building process 

(Information Technology in Construction � Making IT Happen, 1998). 

 

2.6.5 Videoconferencing and recording 

 

Research by Everett (1998) into time-lapse recording that allows for lengthy construction 

processes to be recorded and played back in much shorter time for subsequent analysis, was 

found to be an innovative application. It has been noted as extremely beneficial in historical 

documentation of project progress, operations analysis and improvement, public relations, fund 

raising and disputes resolution. Through several years of experience and experimentation, the 

Construction Management Office at the University of Michigan has found that time-lapse video 

can be of great benefit in documenting actual project progress and can be used to resolve claims 

and disputes, and provides project managers a live image of remote projects (Everett, 1998). 

 

Recent advances in computer-aided systems provide new solutions to improve the conventional 

methods of inspecting and measuring the construction progress of a project. Odeh and Obaitat 

(1998) have identified vision as one of the important applications of Artificial Intelligence. 

Equipping software applications with a knowledge-based and metric vision has numerous 

advantages for the user, including a low cost and easy-to-use system. Their research explores 

the use of a computer-aided system that combines an object orientated construction management 

system with easy-to-use close range �photogrammetric� vision system technology. The 

objectives were to encode design data for quantity take-off, pricing and scheduling purposes and 
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to automate the schedule updating and payment estimation processes, before and during 

construction. These capabilities have been demonstrated by means of practical examples. 

 

2.6.6 Virtual reality and simulation 

 

Paulson (1995) comment that the application of a powerful yet under-utilised computer tool 

within the construction industry is simulation. Today, graphically orientated simulation 

programs have made simulation modelling as easy to use as spreadsheet programs, thus making 

them accessible to most construction professionals. The representation of workers, machines 

and materials are made possible in a typical construction operation, computing the cycle times 

of each step, determining the overall production output and introducing variations and 

uncertainties to simulate what happens in the real world. To improve the output and reduce the 

cost of the production system, by running the simulation programs, helps users: 

 

• Identify production �bottle necks�; 

• In planning and decision-making; 

• Reduce utilised resources; 

• Re-arrange operation steps to a more productive sequence by developing logic and flow 

diagrams; 

• Adjust to travel distance; and  

• Test, refine and validate the production process, etc. 

 

By examining the use of Virtual Reality (VR) in construction, Faraj (1996) concluded that the 

flexibility simulation offered to visualise and interact with the virtual world, made it a suitable 

tool for the construction industry to use as a means of communication between different parties 

involved in a project. Ritchie and Gardiner (1998) anticipate that VR technology will support 

cultural change in construction and refurbishment industries, particularly with regard to 

continuous improvement and team working. 

 

The NSW Government (Information Technology In Construction � Making IT Happen, 1998) 

reports that IT is used to create �virtual projects�, enabling project participants to cost-

effectively explore and visualise the infrastructure project in a three or four-dimensional, 

comprehensive and accurate computerised full-scale simulation. Such a system provides the 

following benefits: 

 

• Clients can visualise and understand designs more accurately; 
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• Design and construction problems are resolved before the building of the structure 

commences; and 

• Construction workers are better able to visualise what they are constructing. 

 

Dawson (1999) examined the impact of the preparation of the �virtual building concept� as an 

outcome of the design process of a project. The following changes, that the design sector of the 

building industry will need to make to clearly reflect the successful development of a virtual 

building, were identified: 

 

• Designers, contractors and suppliers will be required to offer clients complete packages of 

service from pre-design to maintenance; 

• Long term relationships need to be developed between designers, contractors and suppliers; 

• Designers will be required to place emphasis on complete design resolution before 

construction commences; and 

• Designers will be required to seamlessly integrate information from various consultants into 

a single project information model. 

 

2.7 Cost Implications of IT 

 

The costs associated with IT implementation are often perceived to be easier to estimate than 

the benefits, though Hogbin and Thomas (1994) argue that this is rarely the case. Unfortunately, 

construction managers overlook many intangible costs associated with IT portfolio 

implementation. An organisational culture developed prior to the information era may also be a 

major reason for the poor understanding of the cost implications of an IT investment. Indeed, 

the total cost implications of IT investments are often calculated optimistically and benefits 

exaggerated (Farbey et al., 1993). Companies across various industries are starting to realise 

that their IT investments are not returning expected financial returns (Irani and Love, 2001). 

This is often the result of those inaccurate cost calculations. 

 

2.7.1 Tangible costs 

 

Tangible costs are generally attributed to the implementation and operation of IT. Senior 

managers typically budget IT projects and programs on these two areas. Managers seeking more 

accurate cost budgets will also include unexpected hardware, software and support costs, e.g. 

additional memory, networking hardware and IT consultants. As hardware costs continue to fall, 

Wheatley (1997) predicts that IT-related human and organisational costs are set to rise. IT 
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project cost overruns are partially resulting from the managers ignoring the �soft� or intangible 

costs associated with IT investments (Hochstrasser, 1992; Irani and Love, 2001). 

 

2.7.2 Intangible costs 

 

Intangible or indirect costs typically consist of human and organisational factors. One of the 

greatest �indirect� human cost is that of management time (Irani et al., 1999). In other words, the 

time spent integrating, specifying, revising and approving IT. System support costs over the 

project lifetime can be quite substantial. According to Wheatley (1997), typical support costs 

over a project lifetime are at least 400% of the original IT purchase price. Another intangible 

cost item requiring attention when assigning the overall IT project budget is the initial loss in 

productivity resulting from the re-engineering of processes through IT implementation. As each 

time innovative IT project is implemented by the organisation, employees need to go through a 

learning curve while adapting to the new system, procedure and guidelines (Irani et al., 1999). 

IT implementation also has the potential to revolutionalise organisational structure by shedding 

redundant management layers. Long term cost savings, resulting from the restructuring, are 

substantial but the short-term costs to restructure the organisation also need consideration in the 

budgeting processes. 

 

2.8 Potential, Use and Benefits of IT in Industry Sectors  

 

The NSW government study into IT in the construction industry (NSW, 1998) identified the 

potential, the use and the benefits of IT implementation in various sectors of the construction 

industry, including architects, quantity surveyors, consulting engineers, contractors and building 

suppliers. The potential, the use and the benefits of IT for the consulting engineer, contractor, 

architect and building supplier is detailed below. 

 

2.8.1 Potential, use and benefits � consulting engineers 

 

Engineers are generally held to have been among the early adopters of IT in the industry. The 

potential application of computer-based technologies for engineers can be summarised as 

follows: 

 

• Support for calculation and analysis and design through specialist calculation tools; 

• Use of e-mail for communication with business partners; 
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• Use of advanced modelling tools e.g. 3D modelling, computational fluid dynamics, 

radioisty analysis, to support more accurate analysis and design, particularly to meet 

performance-based design criteria; 

• Documentation of building structure and services through CAD, moving from 2D to 3D 

CAD representation; 

• Use of computer-based workflow management and document management to improve 

quality assurance; and 

• The development of knowledge-based systems in design and the integration of design and 

CAD documentation processes. 

 

The current use of computer-based technologies by engineers can be summarised as follows: 

 

• Widespread use of IT to automate existing engineering practices; 

• A few firms trying to build markets for services based on advanced modelling tools; 

• Some use of document management to improve quality assurance; and 

• Widespread use of e-mail to send and receive CAD drawing files internally and externally. 

 

In addition to the generic benefits described earlier, the specific benefits achieved by engineers 

can be summarised as follows: 

 

• Ability to model and analyse designs more accurately, leading to the potential of evaluating 

various solutions and refining the final design in terms of the relevant parameters; 

• The development of IT-based design packages, linked to analysis programs and drawing on 

previous standard details, has meant that documentation is gradually becoming semi-

automated; and 

• Ability to joint venture with groups who have complimentary design capabilities, providing 

single source solutions. 

 

2.8.2 Potential, use and benefits � principal and specialist contractors 

 

The processes involved in general contracting (principal contractors) and specialist contracting 

(subcontractors) are essentially the same. The only difference between the two is that the 

specialist contractors are one tier lower than the principal contractors in the supply chain. While 

this difference may not show up in the complexity of the type of information that is exchanged 

between the two (depending upon the type of contract), the potential application of IT is, for all 

practical purposes, the same. These potential applications are: 
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• Electronic tendering; 

• Efficient and more accurate estimation and tendering; 

• Better project planning using 3-D (and 4-D) modelling for simulation, as well as better 

resource management using project planning and scheduling software; 

• Better inventory management and reduced costs; 

• Computer based work-flow management; 

• Better project/contract management through data sharing, and document management; 

• Elimination of duplicate effort through improved access to information; 

• Better project control and co-ordination because of ready access to latest information; 

• Use of Global Positioning Systems for setting out; 

• Improved safety management by using database systems; 

• Cross-sectional integration to provide single source solutions; and 

• Sourcing of components and materials using IFC�s and from the web. 

 

The current use by contractors and specialist contractors, which is generally an automation of 

existing processes, can be summarised as follows: 

 

• Project planning and scheduling; 

• Estimation and tendering; 

• Project management and cost control; 

• General administration and accounting; 

• Asset management; 

• Electronic funds transfer; 

• E-mail for exchange of documents/information; 

• QA and OHS management; and 

• Drafting. 

 

In addition to the generic benefits noted earlier, other significant benefits achieved by the two 

groups are summarised below: 

 

• A significant increase in turnover, in which IT has played a crucial role; 

• Faster and cost effective communication to the extent that significant investment in IT is 

expected to pay for itself within two years; 

• The ability to manage projects despite large distances between the head and site offices, 

including real time audio-visual linkage to review and discuss/construction issues; 
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• The ability to overcome shortages of skilled workers by integrating processes through the 

intensive use of IT in off-site pre-manufacturing processes; 

• Early detection and resolution of problems related to project management; and 

• Significant reduction in re-work and duplication. 

 

2.8.3 Potential, use and benefits � architects 

 

The potential applications of CAD and related technologies for architects can be summarised as 

follows: 

 

• Automated design and construction; 

• Electronic support for project administration; 

• Support for presentation and marketing of designs through rich multimedia software tools, 

including 3-D images, flythroughs and presentation of building performance characteristics, 

such as lighting and shadow effects; 

• Electronic document management; and 

• Integration of an extended range of services, including urban planning and design, building 

design and quantity measurement and costing. 

 

There is considerable debate within architecture practice regarding the effect of CAD systems 

on the creative processes of design. Some argue that the imprecision of pencil sketching during 

the design development stage creates an ambiguity which enhances the potential for creativity. 

Others argue that the ability to model in 3D enhances the creative task, enabling the designer to 

evaluate alternatives, and their impact, on both visual and functional aspects easily and quickly 

 

The current use of CAD and related technologies by architects can be summarised as follows: 

 

• Very few architects are designing in 3D; 

• Most architectural firms use CAD to some extent; 

• Most firms use e-mail to send CAD files to consultants; 

• Some firms have integrated designs and documentation so that there is no longer a discrete 

documentation stage � documentation is derived directly from the CAD data; 

• Some architects have used CAD technology merely to automate existing work processes; 

• Some firms have developed sophisticated design presentation processes using an extensive 

range of multimedia tools to create highly realistic images of the designed building; 
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• Some firms are using automated costing tools to give customers better cost information at 

an early stage; 

• Some firms are using accurate information generated from 3D CAD to negotiate lower cost 

building contracts for their clients; and 

• A few architects are using e-mail to do business with international partners. 

 

In addition to the generic benefits described earlier, the specific benefits achieved by 

architecture firms can be summarised as follows: 

 

• Very significant productivity gains, up to five fold over seven years, by those firms who 

have moved to 3D CAD and re-engineered their processes, enabling a commensurate 

increase their portfolio of work; 

• Ability to integrate work flows from land use planning through to building documentation, 

and working at increasingly detailed levels of design; and 

• Ability to demonstrate designs using virtual reality simulation. 

 

2.8.4 Potential, use and benefits � building suppliers & manufacturers 

 

Building product suppliers and manufacturers are rapidly adopting IT systems to optimise the 

management of their manufacturing and supply processes, including ordering, inventory, 

logistics, delivery and payment. Intensive investment in integrated information management in 

this sector has significant potential to add value to management control systems, marketing and 

customer service. In manufacturing, greater levels of process automation and the ability to 

directly link product design to manufacturing processes through 3D CAD modelling is 

increasing flexibility and reducing the time required to bring new products to the market. 

 

Potential applications of computer-based technologies for building material and product 

suppliers include: 

 

• Integrated systems for optimising ordering and dispatch; 

• Integration of product design and manufacture; 

• Use of NC and robotics to fabricate complex components and sub-assemblies off-site; 

• Logistics and inventory management systems; 

• Internet/web-based customer and supplier interfaces; 

• Electronic tendering; 

• Executive information systems for retail management; and 
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• Salesforce automation for mobile access to corporate/customer databases. 

 

Current use of computer-based technologies by building suppliers include: 

 

• Logistics and inventory management; 

• Financial and asset management; 

• Wide-area and local area networks and e-mail for corporate communications; 

• Automation of sales and ordering processes; and 

• Integrated systems for optimising ordering dispatch. 

 

Benefits achieved can be summarised as: 

 

• Improved service to customers; 

• Just-in-time management of logistics and inventory; 

• Higher productivity and efficiency; 

• Shorter product development times; and 

• Access to timely and customised business information for management and marketing. 

 
2.9  Benefits, Barriers and Critical Success Factors to Change 

 

2.9.1 Benefits of IT implementation 

 

A research study undertaken by the Construction Industry Institute, USA (1993), indicated that 

an integrated data environment (the ability to use IT in collecting, storing, displaying and 

transferring information between and among various construction organisations) will yield 

substantial benefits � both directly and indirectly. Direct benefits will stem from increased 

productivity, shorter lead times, improved management and fewer errors in describing and 

understanding requirements. The indirect benefits are harder to identify because their impact 

will not become apparent until there is a critical mass in the construction industry within which 

this integrated data environment exists. 

 

Some of the benefits that have been achieved through the adoption of IT have been identified in 

a study undertaken for NatBACC (National Building and Construction Committee) (UNSW, 

1998). Their summary findings are listed below: 

 

• Automation of existing work practices has brought a range of generic benefits: 

! Productivity gains; 
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! Increased business turnover; 

! Shorter cycle time; 

! Capacity to manage larger and more complex projects; and 

! Improved accuracy and consistency of documentation. 

• There is a general perception that the use of IT brings with it an expectation of faster cycle 

and response times; 

• The relatively few organisations that have re-engineered their business processes along with 

the adoption of IT have experienced significant gains in productivity and commensurate 

competitive advantage; 

• In many organisations, there is an enhanced ability to satisfy client needs; 

• For some firms, IT has enabled expansion into new markets, and positioned them to 

compete internationally; 

• There is an improved ability to manage projects at a distance and work in close 

collaboration with remote offices; 

• Among larger organisations in all sectors, IT use is widespread, and electronic intra- and 

inter-organisational communication via email is common; 

• Among smaller organisations, there is a spread from those who are highly IT literate and are 

able to operate as small organisations because of IT, to those small operators who are just 

commencing to use IT; 

• Among the advanced users, the leaders are creating networks based on IT across 

organisational, national and international boundaries; and 

• Differing views were expressed regarding the ease of data exchange between different CAD 

software, though software developers are addressing issues of inter-operability. 

 

Other researchers have identified the benefits that have been gained through the implementation 

of IT. Love et al. (1996) interviewed 47 construction contractors in Queensland and Victoria 

and identified that benefits had been gained in several process areas, including decision-making, 

productivity, information storage, handling and transfer and information access and retrieval. 

Seventy percent (70%) of the contractors interviewed had experienced benefits from using IT. 

 

2.9.2  Barriers to successful IT implementation 

 

Effective IT implementation in construction is essential to improve productivity. A study by 

Love et al. (1996) identified problems and barriers to the implementation of IT.  The most 

significant problems were the lack of system knowledge, with 68% of contractors interviewed 

perceiving this as a problem area, and lack of training associated with the implementation, with 
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62% identifying this as a problem.  The lack of knowledge and ignorance of the potential 

benefits of IT applications was found to extend to contractor�s existing systems, with more than 

50% of contractors unaware of the capabilities of their existing highly specialised software.  

Often, tasks that could be handled by existing systems were externally contracted, as the 

organisation was unaware that their system was capable of the task.  The lack of knowledge was 

also identified as one of the main reasons why management had little interest in a commitment 

to the Internet, e-mail and advanced applications, such as knowledge-based expert systems and 

simulation. 

 

Marsh and Finch (1998) conducted a survey of attitudes towards the application of data capture 

technologies among UK construction organisations.  The major barriers included a general lack 

of awareness about the technologies, coupled with uncertainty about how to identify and 

measure potential benefits. The Computer Integrated Construction Association (CICA) (1993), 

described similar concerns among firms relating to the evaluation of other forms of IT, including 

Electronic Data Interchange (EDI), electronic trading and design systems. The problem of 

identifying the benefits of IT investments is not unique to the construction industry.  It is a 

problem experienced in almost all types of business sectors and organisations (Hochstrasser and 

Griffiths, 1991).  However, the problem is more acute in the construction industry as a result of 

the industry�s structure, fragmented supply chain and under capitalisation (Andersen, 2000). 

Small and medium sized enterprises are particularly sensitive to cyclical variations in demand, 

frequently seeking to justify investments in IT within the time constraints of a single project or 

contract (Marsh and Flanagan, 2000).  

 

Laage-Hellman and Gadde (1996) examined the barriers to the implementation of Electronic 

Data Interchange (EDI) in the Swedish construction industry. They undertook a case study with 

Swedish materials suppliers and discovered five (5) barriers to effective implementation of EDI.  

These include: 

 

• Technical barriers at the industry level: small and medium sized contractors do not have 

suitable applications to allow standardised transmission solutions to become commonplace. 

On the supplier side, most companies lack suitable order, inventory and invoicing systems. 

• Organisational barriers at the industry level: The limited number of EDI users in itself 

constitutes a barrier to rapid implementation. Because there are not many customers or 

suppliers to link up with, many companies prefer to postpone their EDI investments until a 

critical mass of users exist. 
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• Technical barriers at the company level: The lack of IT competence, especially among the 

personnel on construction sites, has turned out to be an important problem, which slows 

down the spread of EDI within the company. 

• Organisational barriers at the company level: Construction organisations in general are 

highly decentralised, and in many firms there is a variation in the purchasing behaviour 

among different units and individuals (especially in organisations that have grown through 

acquisitions). 

• Relationship-related implementation barriers: Industry is reluctant to adopt partnering or 

alliance based relationships, which promote effective EDI. 

 

The information era has seen the development of e-commerce web sites in almost every 

industry. Although the construction industry has lagged behind other industries in the 

development and use of e-commerce sites, recently a large number of independent market 

places have evolved for this purpose (Love et al., 2001). However, a number of barriers must be 

overcome before e-commerce is widely adopted by the construction industry, namely: 

• While there is a relatively high degree of manufacturer consolidation, the contracting end of 

the industry is highly fragmented and dominated by small (often private) contractors; 

• The industry is very conservative; and 

• The lack of the right culture in the construction industry is a major constraint on the 

development of e-commerce by all sectors. 

 

Further barriers/risks were identified by Tatum (1989) as technological risk, financial risk and 

risk of rejection by workers as important barriers to adoption of new technologies. Paulson and 

Fondahl (1980) identified three major barriers that impede development and implementation of 

new technologies: (1) research filters that may prevent further development of an idea, if it is 

not expected to be cost effective; (2) technical risk that prevents contractors from using ideas 

that are not fully developed; and (3) technology transfer barriers that prevent the adoption of 

mature, cost effective technologies and include lack of awareness about new ideas, problems in 

communicating how these ideas could be effective, risk liability involved in trying something 

new, difficulty in gaining approval from a third parties (such as owners, designers and 

regulatory authorities) and resistance to change.  

 

Joia (1998) identified several barriers to the implementation of an Electronic Document 

Management System (EDMS) from a case study with a large engineering consultancy in Brazil. 

These barriers include organisational fragmentation, obsolete decision criteria, lack of 
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planning, fear of change and uncertainty, lack of measures to intangible benefits, management 

reward system not considering innovation and technical incompatibility of systems.  

 

Tucker and Mohamed (1996) have also identified this reluctance by senior management. They 

have also identified five other barriers to IT implementation, including: 

 

• Reluctance: Due to senior managers who, through the lack of system 

knowledge/understanding, are not convinced of the immediate gains that could be achieved 

from IT applications.  

• Resources: Both financial and personnel, as organisations under heavy competition, are 

reluctant to invest in technology and are unable to provide time to change operations and 

train staff. 

• Training: Lack of time for training and changing operations is taken into account when 

considering IT implementation. 

• Change: Any changes to work processes are disruptive to productivity, especially during the 

introduction phase of new technology, and more so if the introduction is not known in 

advance. 

• Tradition: People, no matter how dedicated to the new tools, usually have a tendency 

towards doing things the way they are used to. 

 

Many of the barriers identified above focused on the organisational level, but barriers also exist 

at the project level. Indeed, it could be considered that the barriers at the project level, with 

multiple organisations involved, are much more complex and difficult to resolve. The UNSW 

study (1998) identified several barriers to the adoption of IT across different project 

organisations including: 

 

• Only limited people with vision for the industry; 

• Adversarial nature of the industry; 

• Fragmented nature of the industry; 

• Lack of trust; 

• Lack of common language for the building process; and 

• Lack of shared or interoperable technology. 

 

Further, the NSW government study into IT in the construction industry (NSW, 1998) also 

identified the barriers for the slow take up of technology at an industry level as being: 
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• The diverse nature of the industry. There are 148,000 consultants, contractors, 

subcontractors, subcontractors and suppliers in Australia. Each has an average of three 

employees; 

• The numerous client organisations. Each requires a broad range of sophisticated 

information; 

• An industry operating at very low margins, with much lower working capital than other 

industries. This severely limits educational, research and development initiatives; 

• Staff who are often employed for a single project, which seriously impedes the transfer of 

knowledge from project to project; 

• Project data being generally re-established at each phase and by each discipline, 

• The limited nature of information sharing; companies want to safeguard their competitive 

advantage; and 

• The cyclical nature of the industry activity. This results in employees leaving the industry, 

taking their experience and knowledge with them. 

 

The construction industry exhibits very favourable characteristics for the development of e-

commerce. However, a number of barriers prevent the full implementation of e-commerce in 

construction. These are as follows: 

 

• While there is a relatively high degree of manufacturer consolidation, the contracting end of 

the industry is highly fragmented and dominated by small (often private) contractors; 

• The industry is very conservative; and 

• The lack of the right culture in the construction industry is a major constraint on the 

development of e-commerce by all sectors. 

 

Leslie (1996) states that the rate at which communication and computing technologies are 

evolving is adding to the resistance of technology take-up by the practitioners of the 

construction industry, and by the suppliers of the IT resources. The practitioners are concerned 

that they will not be able to amortise their costs before the equipment is outdated, while the 

suppliers are waiting for the market to grow and be more clearly defined, that is, 'each is waiting 

for the other to make the first move'. According to Leslie, the emerging trends that are likely to 

have an impact on information management in the Architecture, Engineering and Construction 

(AEC) industry are: 

 

• electronic commerce; 

• more user-friendly interfaces; 
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• intelligent systems; and 

• more powerful search engines dealing with an equally increasing pool of industry data, 

multi-media and satellite systems. 

 

For the AEC industry to gain the maximum benefits from the successful uptake of IT and 

computing technologies, it needs to: 

 

• integrate its currently fragmented industry; 

• manage, dynamically, the introduction and take-up of IT; 

• integrate and manage its information requirements; and 

• establish a medium to long term view of its information requirements. 

 

Eden and Chen (2000), in an examination of the progress made to date on the NSW 

Government �Information Technology in Construction - Making IT Happen�, identify the 

following 'barriers' to IT implementation in the Australian construction industry: 

 

• Intellectual Property: The perception that an electronic document makes it easier to copy, 

modify and reuse than the same document in hard copy. 

• Standards: The Australian industry is asking governments to set standards to make it easier 

to share information with minimal investment.  

• Unknown Costs and Benefits: Additional information on the costs and benefits is to be 

disseminated which could lead to a strong business case for investment in technology and 

cultural change.  

• Uncertainty on the Role IT Must Play: The Australian industry can better understand this by 

putting the ideas and theories into practice and then providing further resources for the ideas 

to provide greater benefits.  

 

An investigation on how advanced IT practices are being used for construction management on 

UK projects was reported by Baxendale (1999).  Four case studies were used to illustrate the use 

of IT and its barriers to implementation. The barriers to the use of IT were found to be in the 

structure of the organisation, and its general lack of planning the implementation of IT at a 

strategic level.  The larger organisations were found to see the basic IT training as a priority, 

whereas the majority of smaller organisations, and the construction industry as a whole, had yet 

to control the development of IT where the usage is directed at improving the service or 

product.  Baxendale found that the barriers to the use of IT on one of the sites were: 
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• no awareness of suitable software; 

• the security of data and possible theft; 

• that user expectations may not be met; 

• the size of the job required to afford the necessary overheads; and 

• the need to train site staff. 

 

The Baxendale study discovered that project managers were aware of the IT developments 

taking place but were prevented from introducing the new technology due to budget restrictions. 

Indeed, they continued with paper-based methods until the company management decided 

otherwise. The adoption of IT innovations into the construction industry will not happen until 

strategic decisions are made showing a benefit from an increased expenditure in IT 

implementation. 

 

A study of �on-line� adoption levels by construction organisations was undertaken by Brandon 

(2000). This study highlights a number of reasons why the construction industry will be slow to 

move 'on-line' over the next few years, including: 

 

• the structure and procurement methods of the industry; 

• the nature of site processes; 

• the nature of the tasks on site; and 

• the education processes of personnel. 

 

Smith (1999) examined the factors which appear to influence the development of integrated 

computer systems in construction procurement in the context of the construction industry in 

Hong Kong. The world-wide history of construction projects being completed late, over budget 

and with a legacy of disputes can be partially contributed to the apparent lack of communication 

on construction projects. Better communication has historically been considered as the key to 

improving relationships between the parties involved. The study concluded that, even in Hong 

Kong � �the worlds biggest building laboratory� (Smith, 1999, p.151), little progress is being 

made towards the wider use of computer systems for project information exchange in 

construction. Attempts by one influential construction client, to 'force' project participants to 

comply with defined criteria in terms of information transfer, is unlikely to generate the 

necessary impetus for sustained development unless a substantial number of clients band 

together and agree upon common standards. The main reasons for the construction industry 

being so reluctant to embrace computer based methods of information exchange, despite the 

benefits observed in other industries, are because of the way in which the component parts of 
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the industry interact with each other, and the absence of sufficient 'drivers' to promote new 

development. 

 

A survey conducted by Rivard (2000) on the impact of IT on Canadian AEC industry, found 

three main obstacles to the greater use of IT: 

 

• the continual demand for upgrading hardware and software; 

• high investment costs; and 

• a greater know-how required from the staff. 

 

Marsh and Finch (1998) conducted a survey of attitudes towards the application of data capture 

technologies among UK construction organisations. The major barriers included a general lack 

of awareness about the technologies, coupled with uncertainty about how to identify and 

measure potential benefits. Failure to identify and measure the full impact of IT will result in 

viable applications being erroneously dismissed as uneconomic.  An informed decision 

regarding the potential application of IT can only be made once all potential costs and benefits 

associated with its application have been identified and quantified (Marsh and Flanagan, 2000).   

 

From the Johnson and Clayton (1998) survey, about one-quarter of respondents to this survey 

reported three issues as �big problems� for their organisation: (1) customising proprietary 

software to meet their needs; (2) measuring the results of implemented IT solutions; and (3) 

evaluating IT solutions using Return on Investment (ROI) methods. Support from the 

company�s MIS group, the cost of keeping operations data current in facility management 

systems, and the cost of acquiring data for facility management systems were also mentioned by 

more than one out of five respondents as a �big problem�.    

 

According to DIST (1998) the factors that tend to inhibit the adoption of information and 

communication technologies in construction include: 

 

• resistance from management; 

• tight profit margins, which make it difficult to fund investment in an IT infrastructure; 

• lack of IT awareness; 

• lack of employee education and training; 

• degree of organisational change required; and 

• a belief that the industry is doing well without IT. 
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Love et al. (2001) conducted an interview-based research investigation in South-Western 

Victoria, Australia.  In this study, fifty firms were invited to participate in the research, which 

aimed to identify the perceived barriers to implementing e-commerce. In total, twenty small to 

medium sized contracting organisations, which have annual turnovers ranging from $1 to $50 

million, agreed to be interviewed. The barriers that were identified from the interviews have 

been categorised as follows: organisational, financial, technical and behavioural. In addition, 

risk, uncertainty, change and knowledge were identified as the underlying factors that 

businesses considered as being constraints to the introduction of information and 

communication technologies to support an e-commerce infrastructure. 

 

Contractors do not normally believe that IT can help increase turnover or competitiveness (the 

revenue side), but they think that it can help reduce costs (the expenditure side).  The reason IT 

has not been able to control costs is due to the lack of IT expertise among construction staff 

(Mak, 2001). Indeed, end-user support and training has always been an obstacle in 

implementing IT in construction (Mak, 2001). 

 

From a study of the use of IT in the Republic of Ireland construction sector, conducted by 

Thomas (1999), the overall trend of responses, in relation to these hindrances, indicated that 

human reasons for the hindrances are the most common, followed by technological, financial 

and environmental reasons respectively.  

 

2.9.3 Critical success factors to successful IT implementation 

 

According to Leidecker and Bruno (1987), Critical Success Factors (CSFs) are "those activities, 

conditions or variables that, when properly sustained, maintained or managed, can have a 

significant impact on the success of a firm competing in a particular industry.�  Rockart (1979) 

developed the CSF concept as a way of identifying general managers� information needs, and 

defined CSFs as �those few critical areas where things must go right for the business to 

flourish.�  The importance of CSFs, as a means of identifying and prioritising business needs 

and technical systems, has been recognised in several IT planning approaches (Ward and 

Griffiths, 1996).  In addition, these approaches describe how CSFs may be used to identify 

information needs (Rockart, 1979).  However, the use of CSFs in the context of IT 

implementation in construction has only now received adequate research focus. This section 

details prominent CSFs applicable to the construction industry. The literature review examines a 

number of CSFs obtained from all industries, and the construction industry, for the 

implementation of innovative IT.  
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It is argued by Brandon (2000) that the key driving forces behind IT adoption by construction 

organisations is: 

 

• Visualisation: enhancing all aspects of the construction lifecycle through visualising both 

process and product; 

• Intelligence: supporting human decision making in all areas of design, construction and 

occupation; 

• Communication: providing access to knowledge and trade wherever it may be; and 

• Integration: bringing together the personnel and knowledge in a harmonious way for all 

who desire mutual benefit. 

 

Paulson (1995) comment that making use of the following guidelines can make the analysis 

procedures, feasibility studies and decision-making processes, easier. These guidelines help 

ensure the successful application/implementation of change and/or new systems within an 

existing organisation. They are: 

 

• Maintain openness and honesty throughout the planning, design, development and 

implementation process; 

• Encourage participatory planning in defining goals, objectives and in influencing the 

design or procurement of the new system; 

• Ensure that managerial support and involvement is evident from the beginning to the end of 

the planning and implementation process; 

• Emphasise that the goals for the change be understood and viewed positively by all 

concerned; 

• Maximise overall benefits and coordinate the efforts so that the goals of the new system fit 

with the other goals of the organisation; 

• Provide ample opportunities for education and training on using the new system as well as 

positive incentives for it; and 

• Design the organisation and content of the new system for the people who will use it. 

 

Paulson (1995) argue that the degree/level of influence of application/implementation of the 

new IT system into an existing construction industry environment, where the quality, cost and 

effectiveness of the application/implementation, is determined predominantly by decisions made 

in the earlier stages of the project. 
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To overcome potential IT implementation barriers, Tucker and Mohamed (1996) recommend 

that the following four-point approach be followed and that it should have a substantial effect on 

the success of the IT implementation. The approach should consider the following items: 

 

• Purpose: It should be well defined, in advance, for selecting and investing in IT tools and be 

agreed upon by both senior management and users; 

• People: Because construction professionals are known for their lack of enthusiasm towards 

advanced computer applications, unwillingness to change existing work responsibilities and 

lack of system knowledge by executives, the implementation needs the support and 

involvement of senior management. The implementation should be translated to the other 

employees through a strategic plan of implementation; 

• Plan: A strategic, practical plan of implementation has to be drawn out prior to embarking 

on IT implementation. Both users and developers of the new system need to be involved in 

developing such a plan, ensuring that it is not only confined to the implementation strategy, 

but that it addresses performance indicators and support for users; and 

• Progress: The situation needs to be measured before and after the implementation of the 

new IT to evaluate the perceived added value. Regular reviews should be held and findings 

shared amongst users to identify problems or areas for improvement. 

 

Eden and Chen (2000) in an examination of the progress made to date on the NSW Government 

�Information Technology in Construction - Making IT Happen� identify the following 'drivers' 

for effective IT implementation in the Australian construction industry: 

 

• Growth of the Internet: Growth and wider use of the Internet for electronic commerce and 

communication has provided the information intensive construction industry with a tool for 

transferring reliable information;  

• IAI-AC: The International Alliance for Interoperability - Australasia Chapter, and the 

development of Industry Foundation Classes at an international level and its practical uses 

on real projects. The term Interoperability is defined by Yum and Drogemuller (2000) as 

�the exchange of information between separate computer programs without the loss of 

content or meaning�; 

• Government Initiatives: Various Governments are providing leadership and direction 

through the development and implementation of policies on the use of IT; and  

• Technology Acceptance: Technology is increasingly being accepted by business managers, 

clients, community and workforce, and is becoming a necessary part of the way they work. 
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Teo et al. (1997) examined IT planning CSFs in the context of Singapore. In a study of the 

highest-ranking IT executives in 450 firms, with 58 useable responses, their study revealed ten 

CSFs for strategic IT planning, as detailed below: 

 

• Getting top management support for the planning efforts; 

• Having a clear-cut corporate plan to guide IT planning efforts; 

• Ensuring good user-IT relationships; 

• Being able to obtain sufficiently qualified personnel to do a proper job; 

• Anticipating likely changes in IT (and environmental changes) which might affect the 

strategic IT planning process; 

• Having a clear, concise, formal planning procedure; 

• Having free communication and commitment to change throughout the organisation; 

• Investing sufficient �front-end� time to ensure that all planning tasks and individual 

responsibilities are understood; 

• Deciding on an appropriate planning horizon; and 

• Taking into account the people and politics side of the strategic IT planning process. 

 

Teo and Ang (1999) conducted a study to discover the CSFs in the alignment of IT plans with 

business plans. Although this study is not focused on CSFs for effective IT implementation in 

construction, it does emphasise the significance of a strong relationship between business and IT 

managers. This study received responses from a variety of companies in various industry 

sectors, including the engineering and construction industry.  Their research uncovered the 

following twelve CSFs; that: 

 

• Top management is committed to the strategic use of IT; 

• IT management is knowledgeable about business; 

• Top management has confidence in the IT department; 

• The IT department provides efficient and reliable services to user departments; 

• There is frequent communications between the user and the IT department; 

• The IT staff are able to keep up with advances in IT; 

• Business and IT management works together in partnership by prioritising applications 

development; 

• Business goals and objectives are made known to the IT department; 

• The IT department is responsive to user needs; 

• Top management is knowledgeable about IT; 

• The IT department often comes up with creative ideas on how to use IT strategically; and 
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• The corporate business plan is made available to IT management. 

 

Mak (2001) studied the management of information for construction projects. This research 

identified the following seven CSFs needed for the successful implementation of an Internet-

based information system on construction projects: 

 

• Planning: including infrastructural and architectural planning; 

• Training: developing and delivering training and perhaps re-training programs; 

• Participating: through direct and indirect employees, business partners; 

• Leadership: the business or the end user should take charge of the specifications while the 

IT section should provide support to fulfil the user requirements, and IT experts with 

experience in the construction industries should be employed as consultants; 

• Organic growth: the implementation should start with small teams and the system should 

grow gradually in terms of functionality and user base; 

• Groups: by establishing and participating in news groups and e-mail mailing lists to share 

experience and to foster concerted efforts that will develop applications using open 

standards; and 

• Staff development: through teaching companies and other short courses. 

 

A study by Li and Ye (1999) assessed and empirically tested the moderating effects of 

environmental dynamism, firm strategy and CEO/Chief Information Officer (CIO) 

arrangements on the impact of IT investment on firm performance. Their research suggests that 

IT investment has a stronger positive effect on financial performance when there are greater 

environmental changes, more proactive company strategy, and closer CEO/CIO ties. 

Accordingly companies considering IT investment should first assess the following areas to 

achieve success: 

 

• Environmental contexts; 

• Strategic directions; and 

• Top management team arrangements that allow CIO�s a more strategic role. 

 

Pena-Mora et al. (1999) undertook a study of IT planning frameworks for large-scale projects. 

Their paper proposes a strategic planning framework based on IT diffusion for maximising the 

value of investments in strategic capabilities. The framework takes into account the fact that the 

construction industry has come to the point where it must embrace IT on a fundamental level. In 

order to do so, in the bounds of a project organisation, the framework highlights that planning, 
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evaluation and deployment be tightly integrated and carried out concurrently. Their study 

emphasises the following drivers for strategic IT implementation: setting strategic and technical 

direction for IT application; making decisions about funding; executing IT business strategies; 

and reviewing performances of IT investments over the entire project duration. 

 

An investigation into the forces that drive construction firms to adopt new information 

technologies was undertaken by Mitropoulos and Tatum (2000). Their research focuses on CAD 

and electronic data interchange technologies and studied eight innovation adoption decisions. 

Their findings highlight the forces that drive innovation: competitive advantage, process 

problems, technological opportunity and institutional requirements. It was found that these 

forces change over time and drive the diffusion of technology in the industry. Further, different 

organisational characteristics determine a company�s sensitivities to each force.  Miozzo et al. 

(1998) examined a series of process-based blockers (barriers), eliminators and associated 

workplans (coping strategies) for effective technology diffusion in construction. Their suggested 

that workplans give an indication of the CSFs required to facilitate the flow of information in 

construction processes. These CSFs include: 

 

• The transfer of process-based methods applied in other industries to construction; 

• The use of multi-disciplinary and cross-industry workshops to identify economic and 

technological problems and opportunities in construction; 

• The implementation of benchmarking activities and identification and dissemination of best 

practice in the industry and other industries; 

• Activities leading to the adoption of standards across the different organisations in the 

industry; 

• The implementation of pilot developments and their follow-up; 

• The introduction of organisational changes; and  

• The commissioning of research projects. 

 

The factors that lead to the successful adoption of IT by Small and Medium Enterprises (SMEs) 

was studied by Fink (1998). The study sought and obtained the opinions of owners and 

managers of Australian SMEs regarding 10 factors representing modern IT adoption practices. 

The research analysis, from 93 responses to the questionnaire survey, revealed the following IT 

adopting factors: internal resources, benefits of IT, outside support, external resources, external 

environment, in-house IT expertise, organisational culture, availability of IT, IT selection and 

IT implementation. A strong recommendation from the study was that management be heavily 

involved in the selection, acquisition and implementation of IT projects in SME�s. 
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Poon and Wagner (2001) undertook a study of the CSFs for the development of information 

systems that support senior executives.  Their literature review summarised CSFs into ten areas: 

committed and informed executive sponsor, operating sponsor, appropriate IT staff, appropriate 

technology, management of data, clear linkage of business objectives, management of 

organisational resistance, management of system evolution and spread, evolutionary 

development methodology, and carefully defined information and system requirements.  Their 

empirical research studied five industries and highlighted three CSFs for the development and 

implementation of executive information systems: championing (at the executive and 

operational levels), resources and linking the system to business objectives. 

 

2.10 E-Commerce in Construction 

 

In the construction industry, electronic commerce (also known as electronic trading) is a term 

used to describe the process of doing business electronically. In its simplest form, it automates 

current forms of commerce by re-defining supply chains. In a more sophisticated form, it has 

the potential to help plan, manage and control the progress of construction projects. Electronic 

commerce allows companies to sell products or services either through direct contact (through 

email) or through the Internet (possibly through a web site). Other potential e-commerce 

applications in construction include tendering, auctioning etc. Indeed, e-commerce allows 

construction projects to be managed more efficiently from conception to completion, as on-line 

project management improves/speeds information flow and reduces errors.  

 

2.10.1  Benefits of e-commerce in construction 

 

The attractions of e-commerce for the construction industry are considerable, and are 

summarised below: 

 

• An increase in speed and decrease in human effort; 

• A close trading relationship; 

• An increase in customer satisfaction; 

• Simpler business processes; 

• Precision timing and payments; 

• An improvement in cash flow and financial savings; 

• Data accuracy; 

• An improvement in accountability and document tracking; 
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• More efficient management of projects from conception to conclusion; 

• An improvement in working capital for both customers and suppliers;  

• A reduction in purchasing costs by contractors/sub-contractors; and 

• An increase in customer reach by suppliers and a more effective liquidation of redundant 

and/or excess stock. 

 

2.10.2 Barriers to e-commerce implementation in construction 

 

A number of barriers, however, must be overcome before e-commerce can be effectively 

implemented in the construction industry (Love et al., 2001). These barriers include the 

following: 

 

• While there is a relatively high degree of manufacturer consolidation, the contracting end of 

the industry is highly fragmented and dominated by small (often private) contractors; 

• The industry is very conservative; and 

• The lack of the right culture in the construction industry is a major constraint on the 

development of e-commerce by all sectors. 

 

2.10.3 Emergence of e-commerce in construction 

 

The information era has seen the development of e-commerce web sites in every industry. 

Although the construction industry has lagged behind other industries in the development and 

use of e-commerce sites, recently a large number of independent market places have evolved. 

Table 2.2 details some popular independent e-commerce market places in Australia, Europe and 

the US. 

 

2.11 Research Activities 

 

The growing importance of IT in the construction industry has resulted in many organisations 

being involved in research, policy setting, benchmarking and strategic planning activities.  This 

has included government departments, industry organisations, universities and research 

organisations throughout the world.  A brief summary of some of the main players follows. 

 

2.11.1 Government Departments - Australia 

 
• NSW Government (Department of Public Works and Services) � the department has 

developed a proposed strategy to improve construction processes through the use of IT. The 

Lifecycle Management of IT Projects in Construction  



Chapter 2: IT in Construction   2-43 

strategy aims to improve productivity, thereby reducing the cost and time of the capital 

works procurement process whilst better delivering a facility which meets the needs of the 

client. 

• Department of Industry, Science and Resources � the department has established the 

Building and Construction Industries Action Agenda, with the aim of developing strategies 

with industry to determine the future direction for the industry.  Research into various areas 

has been established, including information technology.  

 

2.11.2 Groups and organisations 

 
Many specialist groups and organisations have been formed to deal specifically with IT in the 

construction industry. These groups publish research findings, produce industry information and 

hold conferences, seminars and workshops dealing with IT in the construction industry.  Some 

of these groups and organisations include: 

 

Table 2.2 Independent market places in Australia, Europe and the US 

Companies Comments Web address 

ConstructOne 
(Australia) 

Electronic marketplace composed of a large 
number of on-line catalogues.  

www.ConstructOne.com
.au 

B2Build 
(France/Europe) 

Focusing on building materials procurement. 
Pan European ambitions. 

www.B2build.com 
 

Baunetz 
(Germany) 

Information portal, part of Bertelsmann 
group. 

www.baunetz.com 

Briscnet 
(Europe/US) 

Covering the whole range from architectural 
design, software to procurement. Launched 
in market place in 1999.  

www.briscnet.com 

Build-Online 
(UK/Europe) 

Project management and procurement. UK 
with European ambitions. Launched market 
place in July 1999. 

www.build-online.com 

Byggtjanst 
(Sweden) 

Information and project management tools. www.byggtjanst.com 

Construction Plus On line content, communication tools and e-
commerce transactions. 

www.constructionplus.c
o.uk 

Eu-Supply 
(Sweden/Europe) 

European launch in 2000. www.eusupply.com 

Xbuild 
(France/Europe) 

Both procurement and project management. 
Launched in France in May 2000. 

www.btpnet.com 
 

Buildnet (US) The company concentrates on the residential 
segment of the US market. 

www.buildnet.com 
 

Buildpoint (US) Targets general contractors, specialty 
contractors, distributors and contractors. 

www.Buildpoint.com 
 

Buzzsaw (US) Offers design collaboration and project 
management tools. Developing a 
procurement solution. 

www.Buzzsaw.com 
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• Construct IT Centre for Excellence � a UK based group established to coordinate and 

promote IT innovation and research for the construction industry in the UK.  The centre 

commissions and undertakes research projects into IT and produces guides for the industry.  

• SCENIC � a European based group that is concerned with best practices in information 

technologies within the construction industry.  Benchmarking is one of the main tools used 

by SCENIC for benchmarking the practices of different companies in the construction 

sector in the UK, France and Sweden. 

• CIB W78 � the International Council for Building Research Studies and Documentation is a 

working commission related specifically to IT in construction (i.e. W78).  The commission 

publishes the online journal ITCon and organises international conferences and workshops 

on IT in construction. 

• CICA (Construction Industry Computer Association) � the organisation is a UK based 

association established in 1973 to promote the effective use of IT in design, construction 

and property. 

• IAI (International Alliance for Interoperability) - The IAI mission is to define, publish and 

promote specifications for project information sharing in the building industry. The IAI has 

nine international chapters, including Australia. 

• IAARC (International Association for Automation and Robotics in Construction) - 

IAARC is an international automation and robotics community with specific concern for all 

fields of construction, operation and maintenance, including nuclear structures, road and 

transport systems and construction in space. 

 

2.11.3 Universities 

 

Many universities carry out research into IT in construction.  Usually this research is linked to a 

school or department involved in a construction industry discipline.  Some of the major 

universities throughout the world involved in construction IT research, are: 

 

• University of Salford (School of Construction and Property Management), UK; 

• University of Reading (Department of Construction Management and Engineering), UK; 

• Stanford University (School of Engineering), USA; 

• RMIT University (Department of Building and Construction Economics), Australia; 

• University of NSW (Australian Centre for Construction Innovation), Australia; and 

• QUT/CSIRO (Construction Research Alliance), Australia. 
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2.11.4 Research organisations 

 
Numerous research organisations conduct studies into IT in construction.  Many of these 

research organisations are government funded and often have links with industry and 

universities.  Some of the research organisations that have carried out research into IT include: 

 

• CSIRO/BCE (Building Construction and Engineering) � Australia�s leading research 

organisation into the built environment. 

• BRE (Building Research Establishment) � UK�s leading centre of expertise on building 

and construction.   

• VTT (Building Technology) � Finland�s leading building research organisation offering 

research and development, testing services, consulting and training in the field of building 

technology. 

• CSTB � a French government funded building research organisation, specialising in 

building research, including advanced communications technology. 

• BRANZ (Building Research Association of New Zealand) � a New Zealand governed 

building and construction organisation providing industry with an independent research, 

testing, consulting and information resource. 

• NRC/IRC (National Research Council of Canada Institute for Research in 

Construction) � Canada�s construction technology centre providing research, building code 

development and materials evaluation services. 

 

2.12 Summary 

 

Increasing global competition and market forces demand integration in the construction 

industry. The infrastructures of business organisations are being redefined by IT capabilities 

(Ahmad et al., 1995) as it offers the potential to materialise much needed integration in the 

construction industry. Well-defined and easy to share data, effective inter- and intra-

organisational networks and integrated information processing capabilities are fundamental to 

the kind of integration needed in the construction industry. Shared data resources, electronic 

networks, knowledge-based systems and other IT capabilities can be effectively employed to 

promote the integration and coordination of the design and construction functions.  

 

For organisations to benefit from IT induced re-engineered processes, design and construction 

organisations should reconsider their organisational strategy, management processes, individual 

roles and business strategy. Design and construction professionals need to realise that IT may 
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change competitive climates, organisational rules and industry norms. They should, therefore, 

try to anticipate and plan for these changes. Top management support for training and 

development, encouragement for creativity and innovation, and the creation of an autonomous 

and flexible work environment are essential elements for the successful implementation of IT.  

 

In many cases, construction professionals are reluctant to adopt innovative IT applications and 

tools due to their limited understanding of IT-induced benefits to organisational processes. 

Failure to identify and measure the full impact of IT will result in viable IT applications and 

tools being erroneously dismissed as uneconomical (Marsh and Flanagan, 2000). An informed 

decision regarding the potential applications of IT can only be made once all potential costs and 

benefits associated with IT applications have been identified and quantified. In turn, this 

requires an understanding of the mechanisms through which IT will impact on construction 

processes. This research dissertation proposes a solution to this �IT productivity paradox� by 

developing a lifecycle management framework for the selection, implementation and 

performance evaluation of IT investments. The development and application of the proposed 

framework is detailed in further chapters. 
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CHAPTER  3 
 
 
 

IT PROJECT LIFECYCLE 
 

 

3.1 General Remarks 

 

Defining the scope and boundaries of IT in the construction industry is difficult because of the 

relatively limited detailed research that has been carried out in the field. Research into the level 

of IT within the construction industry has concentrated on the level of IT within the 

organisations. Such recent studies include those by Love et al. (1996) and Stewart and Beswick 

(1998) in Australia, Doherty (1997) in New Zealand, Rivard (1999) in Canada, Howard et al. 

(1998) in Scandinavia and Futcher and Rowlinson (1999) in Hong Kong. On another level, IT in 

construction research has been focused only on the impact of IT at the industry and/or top 

management level, where IT has been promoted as the enabler to change products and services, 

markets and production economics (Betts and Wood-Harper, 1994; Sharpe, 1995; Love, 1996; 

Mohamed, 1996). The common theme among these studies is that organisations should 

investigate how IT assists in changing the way they conduct business rather than merely 

improving current business applications. This change in business culture can be achieved by 

promoting a lifecycle management approach to IT project proposals. 

 

The proposed IT project lifecycle framework, detailed in this chapter, is a comprehensive model 

used to cover the benefits, costs and risks incurred beyond the burdens incurred over the entire 

lifecycle of an IT investment. In theory and practice, emphasis is placed on the financial 

justification of investment proposals. Although important, this scope is too narrow. The implicit 

view that all an organisation has to do is select from a number of well defined and predicably 

realisable IT investments does not suit the characteristics of most IT investments. Investing in 

IT projects is seen as a process in which the IT project, along with its benefits and burdens, is 

gradually elaborated. Thus, this process does not begin with a definitive and detailed investment 

proposal. The preparation of the investment proposal is an investment in itself. Usually the 

process begins with a hunch or a rough idea, and on that basis the specifications of the IT 
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project are further refined. Management must thus control this process to maximise the value 

added, which then implies the application of an IT project lifecycle. 

 

Recently, some authors have stressed the development of a lifecycle management approach 

(Willcocks, 1996). To control an investment in order to realise the expected benefits, three main 

phases are distinguished which need to be managed in coherence. These three investment phases 

include: (1) IT project selection; (2) IT implementation and monitoring; and (3) IT performance 

evaluation. They comprise the entire lifecycle of an IT project, from the first rough idea right up 

to the evaluation of the implemented IT project. Figure 3.1 details this IT project lifecycle.  The 

chapter aims to provide a general overview of each phase of the IT project lifecycle and 

provides an overview of the persuasion (needs and comparison) as to why a structured method 

is deemed necessary for each phase of the IT project lifecycle. Reference is made to later 

chapters in this dissertation where research methods and frameworks are detailed and applied.   

 

3.2 Overview of the IT Project Lifecycle 

 

In the information age, senior managers of construction organisations require a paradigm shift 

from the current project management approach to an investment management approach 

requiring periodic valuation, monitoring and evaluation of investment programs over the IT 

project life span (Stewart and Mohamed, 2000). To create such an investment management 

approach, there is a need to develop a sound method for planning and evaluating IT programs 

that will: (1) allow greater accuracy in planning; (2) provide data on the return of IT investment; 

(3) reduce the risk associated with such a strategic investment; and (4) monitor the benefits of 

the IT investment over the entire project lifecycle (Pena-Mora et al., 1999). In addition, such an 

investment management approach would need to handle the continuous infusion of IT 

investments over the IT project lifecycle.   

 

Indeed, an IT investment management process is an integrated approach to managing IT 

investments that provides for the continuous identification, selection, monitoring and 

performance evaluation of IT investments. This structured process enables the establishment of  

a systematic method for construction companies to minimise risks, while maximising return on 

IT investments. To effectively employ IT in construction, the IT project lifecycle should have 

elements of three essential phases: 

 

• IT project selection (benefits, risks and costs); 

• IT implementation and monitoring (applications, deficiencies and reviews); and 

• IT performance evaluation (measurements, corrective actions and lessons learned). 

Lifecycle Management of IT Projects in Construction  



Chapter 3: IT Project Lifecycle   3-3 

??

??

??

????

????

IT Performance
Evaluation

� Performance
� Lessons learned

� Corrective actions

IT Project 
Selection

� Benefit
� Risk
� Cost

  
IT Implementation 

& Monitoring
� Application
� Deficiencies

� Reviews

Legend

Tool

Management Phase

Process

Information

??

 
 

Figure 3.1  IT project lifecycle (Stewart and Mohamed, 2000) 
 

However, each phase should not be viewed as a separate step. Rather, each phase is conducted 

as part of a continual, interdependent management effort. Information gained from one phase is 

used to support activities in each of the other two phases. Figure 3.1 illustrates the three phases 

of an IT project lifecycle and relationships between phases. The question marks (?) displayed in 

Figure 3.1 highlight the need for effective tools for IT project selection, implementation and 

monitoring, and performance evaluation in construction organisations.  

 

3.3 IT Project Selection 

 

IT project selection is the first in this three-phase process. In this phase, the construction 

organisation determines priorities and makes decisions about which IT projects will be funded. 

The following section summarises the project selection phase of the project lifecycle and 

provides a brief overview of the persuasion (needs and comparison) for an IT project selection 

method. Chapter 5 details further persuasion, as well as the developed IT project selection 

framework and method.  

 

 

Lifecycle Management of IT Projects in Construction  



Chapter 3: IT Project Lifecycle   3-4 

 

3.3.1 Overview of phase 

 

Figure 3.2 illustrates how this process can work when IT spending for proposed projects is 

decided each year as part of the annual budget process. The proposed projects enter into an IT 

investment planning and analysis stage, which examines the existing inventory of systems and 

applications to review costs, benefits and risks associated with all IT investments.  

 

A starting point for the selection phase is the screening process. In this process, IT proposals 

being submitted for funding are compared against a uniform set of screening criteria and 

thresholds, in order to determine whether the project(s) meet minimal requirements. The costs, 

benefits and risks of proposed IT projects should then be assessed, compared against each other 

and ranked or prioritised. As part of this process, weighting factors may be attached to the 

ranking criteria. These ranking criteria should, at a minimum, include cost, risk and benefit 

factors, as well as an assessment of how well the proposed project meets organisational 

objectives. Finally, senior management executives make decisions about which IT projects to 

select for funding, based on these objectives and organisational priorities. The IT projects that 

are selected for funding make up the portfolio of IT investments. 

 

The selection phase helps ensure that the organisation: (1) selects those IT projects that will best 

support organisational needs; and (2) identifies and analyses an IT project�s risks and proposed 

benefits before a significant amount of funds and resources are allocated. A critical aspect of 

this phase is management understanding and participation and the application of a structured 

decision-making process. 

 

The question marks (?) displayed in Figure 3.2 highlight the need for specific tools for analysis, 

ranking and final selection of IT projects. These tools must, however, be supported by mutually 

reinforcing practices. Existing practices may need to change, and it is the cultural characteristics 

of the organisation that will determine its receptiveness to change. Chapter 5 details the 

developed IT project selection framework, tools and method. The following section provides the 

persuasion (needs and comparison) which instigated research into this phase of the IT project 

lifecycle. 
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Figure 3.2 IT project selection process (Stewart and Mohamed, 2000) 

 

3.3.2 Persuasion (needs and comparison) 

 

IT implementation is recognised as part of the solution to improve construction productivity, 

management and client satisfaction, as well as to reduce costs. By achieving these 

improvements, a construction organisation will obtain direct cost savings and gain competitive 

advantages that are vital to the organisation�s future growth. However, IT project development 

and implementation typically involves large capital investments. Moreover, except for those 

near-matured/matured IT applications, most IT investments are characterised by the uncertainty 

of actual cost and benefit. Managers may easily forego potentially valuable IT investments due 

to perceived risk and low immediate return. Construction executives need to adopt a structured 

method for the evaluation and decision-making process of IT project selection (Mohamed and 

Stewart, 2001). It is important to note that the mere introduction of IT, in and of itself, does not 

create a competitive advantage (Huff and Beattie, 1985). On the other hand, use of the right type 

of IT application for a given company may lend a competitive edge (McFarlan, 1984). The 

importance of alignment between IT applications and a company�s strategy has been noted 

extensively in the literature (Mahmood and Soon, 1991). The relationship between IT 

investments and organisation performance, however, remains poorly understood and some 
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researchers in economics are concerned about the pay-off from investments in IT (Uchitelle, 

1996).  

 

Several methods have been proposed to help organisations make effective IT project selection 

decisions (Jiang and Klein, 1999; Kathuria et al., 1999). The existing methods for IT project 

selection range from single-criteria cost-benefit analysis to multiple criteria scoring methods or 

ranking models, or subjective committee evaluation models (Banker and Kauffman, 1990).  

 

Many IT projects that have commenced in the construction industry fail to meet the high 

expectations of the industry. This is because there is a lack of prior assessment of risks and 

returns before management commitment is made and funding approval is provided (Jung and 

Gibson, 1999). Senior construction professionals lack the methods, skills and tools required for 

selecting a portfolio of IT projects and tools, which add the greatest value to the organisation 

(Stewart and Mohamed, 2001). An IT project selection method needs to be tailor-made for 

construction organisations to encompass all the intricacies of this unique industry. The decision 

to select the best IT projects for the organisation is difficult to achieve due to: (1) the multiple 

value and risk factors; (2) the limited availability of IT resources; and (3) the lack of a 

structured IT project selection procedure. Several methods have been proposed to help 

organisations make good IT project selection decisions. However, many of these methods have 

several limitations and do not provide a means to combine tangible and intangible �business 

value� and risk criteria. As a consequence, many models and methods for Multiple-Criteria 

Decision Making (MCDM) have been developed in recent years (Banker and Kauffman, 1991; 

Saaty, 1996). The MCDM models include theory from developed appraisal techniques, 

including: Multi-attribute Utility Theory (MAUT), Fuzzy Set Theory (FST), Goal Programming 

(GP), Analytical Hierarchy Process (AHP). Chapter 4 examines the advantages, disadvantages 

and application of various investment appraisal theories and details the most beneficial for IT 

project selection in construction.  

 

Once an IT investment appraisal technique is selected, value and risk criteria need to be 

established which reflect objectives of construction organisations implementing innovative IT. 

One approach to measuring IT value and risk is to focus on areas within the organisation where 

these aspects may be prominent (Tallon et al., 1997). Increased productivity, enhanced quality, 

and improved decision-making can be cited as the primary value adding returns of an IT 

investment (Venkatraman, 1997). It is also important to note that IT investments can result in 

negative returns because of risk factors, such as employee resistance to change (Pena-Mora et 

al., 1999). Construction organisations having the foresight to identify the primary value and risk 

drivers will be more likely to select the best IT projects to add to their IT portfolio. Chapter 5 
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provides further persuasion and details the developed IT project selection framework and 

method. 

 

3.4 Strategic IT Implementation and Monitoring 

 

The strategic IT implementation and monitoring phase follows the selection phase. The 

following section summarises the intricacies of this phase of the IT project lifecycle and 

provides a brief overview of the persuasion for an IT implementation and monitoring 

framework. 

 

3.4.1  Overview of phase 

 

The strategic IT implementation and monitoring phase commences once the IT project(s) have 

been selected by the organisation for funding. This phase is concerned with the strategic 

implementation and monitoring of IT projects in construction organisations. IT project 

implementation has been defined differently by researchers in this field (see Chapter 6). For the 

purpose of this research dissertation, implementation was defined as the planning for, 

implementation of, and continual monitoring of the selected IT projects. IT performance 

monitoring is included in this phase and should not be confused with the IT performance 

evaluation phase. Indeed, IT performance monitoring is concerned with the data collection 

strategy and continual monitoring of IT projects prior to IT performance evaluation.  

 

The primary focus of this phase is to examine the various internal and external factors, which 

threaten the efficient and effective implementation of IT projects, prior to their commencement. 

The secondary focus of this phase is to consider the data that needs to be collected for various 

IT projects implemented by the organisation. The data collected must reflect the IT performance 

objectives of the organisation. By pro-actively discussing the internal strengths and weaknesses 

and the external opportunities and threats associated with a portfolio of IT project(s) prior to 

their implementation, their successful implementation can be assured. Chapter 6 critically 

reviews strategic IT implementation frameworks developed in other industries and construction-

specific frameworks. The developed IT implementation and monitoring framework for the 

construction industry is illustrated in Chapter 6, with a case study being detailed in Chapter 

11. The following section provides the persuasion, which provoked research into this phase of 

the IT project lifecycle. 
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3.4.2 Persuasion (needs and comparison) 

 

IT has been advancing at an accelerating pace in the past decade and now affects every element 

of our society. The construction industry is no exception. Perkowski (1988), over ten years ago, 

predicted continued growth in electronic interchange, expert systems applications, graphics 

based data and CAD (Computer Aided Design). The present IT applications in the construction 

industry are mainly in administration and accounting packages, project management 

applications, design packages, 2D CAD systems, 3D CAD systems and e-commerce 

applications (Heath et al., 1994; Mahoney and Tatum, 1994). Expert systems and decision 

support systems represent one of these major areas. It has been applied to the bid or no-bid 

decision problem (Dawood, 1995), planning and scheduling (Aouad and Price, 1994) and to 

project management (McGartland and Hendericken, 1995). Electronic Data Interchange (EDI) 

(O�Brien and Al-soufi, 1993) and data communication (O�Brien and Al-soufi, 1994) are 

becoming very popular communication tools in the construction industry. As intra- and inter-

organisational integration is becoming more important, EDI may diffuse more rapidly than 

before. Additionally, Computer Integrated Construction (CIC) may offer potential for greater 

productivity improvement in construction organisations (Jung and Gibson, 1999; Betts, 1999). 

This study asserts the increasing importance of the IT role in the construction sector. 

 

Nevertheless, compared with other industry sectors, the current uses of computer applications in 

construction are not very advanced (Rivard, 1999; Shen and Fong, 1999). This lack of 

application is also supported by the relatively low IT spending by construction organisations. In 

addition, these applications exist independently and have little or no capacity for 

communications with each other (Tucker et al., 1994). Moreover, because there are numerous 

new innovative IT applications many construction managers are often confused when it is time 

to implement. The dynamics of technology, coupled with limited resources and conflicting 

needs, make this a daunting task. The role of IT, in the era of information, is also changing and 

becoming more important for all corporations. Although the situation calls for an effective 

planning process for implementing IT, no regimented planning method has been introduced for 

the construction industry (Jung and Gibson, 1999). 

 

The complexities of achieving business success through increased efficiency, effectiveness and 

competitiveness, combined with innovative application of IT, has heightened the awareness of 

both IT and business managers towards more strategically oriented approaches for planning and 

management (Luftman et al., 1993; Horner and Benbasat, 1996; Irani and Love, 2001). In 

particular, the need to align business and IT planning has been emphasised as both critically 

Lifecycle Management of IT Projects in Construction  



Chapter 3: IT Project Lifecycle   3-9 

important and increasingly problematic (Brancheau et al., 1996). Numerous studies have 

focused on strategic IT planning methods (Lederer and Gardiner, 1992), IT problems and 

benefits (Lederer and Sethi, 1991), stages of growth (King and Teo, 1996) and alignment 

between business and IT planning (Teo and King, 1996).  

 

Unfortunately, little regard has been given to the future potential of IT within the construction 

industry (Aouad et al., 1996). The construction professionals� need for successful IT 

development and implementation within both the industry and academia has led, in recent years, 

to a surge in IT research and development in the construction industry. However, plans and 

strategies have not been developed to strategically implement innovative IT applications and 

tools in this difficult industry. Over five years ago Boyd and Paulson (1995) developed some 

guidelines to help ensure successful application/implementation of change and/or new IT within 

an existing organisation. Three years later Myllymaki (1997) developed an IT migration 

strategy after researching IT planning in Finnish construction companies using new information 

technologies. The following year Nylund and Nilsson (1998) highlighted the problem an 

organisation can run into when trying to computerise project planning and scheduling on the 

construction sites of Sweden. More recently, Pena-Mora et al. (1999) developed an IT diffusion 

strategy for construction organisations. Chapter 6 critically reviews these and other frameworks 

in more detail.  

 

Unfortunately, the IT implementation frameworks and guidelines mentioned above have done 

little to improve the efficiency of IT diffusion in the construction industry. Within the industry 

there are suggestions that IT investments are often accompanied by poor vision and 

implementation approaches, poor planning and coordination and little adoption of IT strategies 

linked to and supporting business strategies (Betts, 1999). One of the aims of this research 

dissertation is to develop a strategic IT implementation and monitoring framework for 

construction organisations through a critical review of the literature (see Chapter 6) and case 

studies (see Chapter 11). The proposed IT strategic implementation method detailed in 

Chapter 6 aims to improve the efficiency of IT implementation and monitoring in construction.  

 

3.5 IT Performance Evaluation 

 

The final phase of the lifecycle is IT performance evaluation. This process draws on the 

monitoring data obtained in the previous phase to evaluate the IT-induced value derived from 

implemented IT projects. The following section provides an overview of this phase of the 

lifecycle and the persuasion for an IT performance evaluation framework is briefly described. 
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3.5.1 Overview of phase 

 

The IT performance evaluation phase is an ongoing process, which evaluates the IT-induced 

performance improvement of an organisation. Evaluation goes beyond IT project monitoring by 

examining the IT-induced performance improvement of processes, outputs and outcomes. The 

primary role of this phase is to aggregate the tangible and intangible IT-induced performance 

improvements into an overall IT performance improvement score at each decision-making tier 

of the organisation (i.e. project, business unit and enterprise). In order to undertake IT 

performance evaluation in construction, a series of broad organisational objectives, tier specific 

organisational objectives and associated quantifiable measures need to be developed. IT 

performance evaluation can take place daily, monthly, quarterly or yearly, depending on the 

performance measure being evaluated.  

 

IT performance evaluation is the primary focus of this research dissertation. Chapter 4 

undertakes a critical review of investment appraisal tools in order to select the most appropriate 

tools for the IT performance evaluation phase. Chapter 7 introduces the concepts of IT 

benchmarking and IT performance evaluation in construction and outlines the general 

framework and the research methodology for its complete development. Chapters 8 and 9 

develop the working components of the framework through literature review and industry based 

quantitative analysis.  Chapter 10 details the IT performance evaluation framework and 

illustrates its application in construction organisations. Chapter 11 applies the IT performance 

evaluation framework in an industry-based validation study. The following section provides the 

persuasion, which identified why research into this phase of the IT project lifecycle was 

necessary. 

 

3.5.2 Persuasion (needs and comparison) 

 

We are witnessing both the rapid evolution of IT, and the accelerated investment in it, by 

organisations concerned about their market competitiveness. Increasingly, companies demand 

and expect future growth and profitability to come from productivity gains achieved through 

continuous investment in IT and similar innovations (Violino, 1997; Bhattacherjee, 1998). 

While business periodicals often report vivid stories of IT investments leading to either actual or 

perceived pay-offs, rigorous and systematic assessments suggest that the picture is far from 

clear (Li and Ye, 1999). Meanwhile, never has there been more pressure on management to 

make informed decisions so that any perceived positive impact of IT on firm performance will 

be, indeed, realised.  
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During the past decade a great deal of attention has focused on the impact of IT investment. 

However, studies have frequently generated controversial or inconsistent results. For example, 

after reviewing previous research, Loveman (1994) concludes that corporate IT investment has 

had practically no impact on productivity. Meanwhile, others have reported observing varying 

degrees of positive impact due to IT investments (Weill, 1992; Segars and Grover, 1994; Hitt 

and Brynjolfsson, 1996). Increasingly, researchers realise that the relationship between IT 

investment and organisation performance is complex and multifaceted. Some contend that 

measurement problems, methodological deficiencies and the poor quality of data sets may have 

contributed to the so called productivity paradox of IT (Barua et al., 1995; Dos Santos and 

Sussman, 2000). This evident IT productivity paradox has prompted calls for new approaches 

by which to measure and evaluate IT-related investments (Barua et al., 1996; Jung and Gibson, 

1999). 

 

Traditional investment appraisal techniques, such as Return on Investment (ROI), Internal Rate 

of Return (IRR), Net Present Value (NPV) and Payback approaches, are often used to appraise 

capital investments in IT (Ballantine and Stray, 1999). These techniques are based on 

conventional accountancy frameworks. They are specifically designed to assess the �bottom 

line� financial impact of investments, by setting direct IT-related costs against quantifiable 

benefits achievable. However, as more organisations realise that such techniques are unable to 

accommodate strategic benefits and �indirect� costs, many firms are left with the debate about 

the types of techniques that constitute meaningful justification (Small and Chen, 1995; 

Ballantine and Stray, 1999). Organisations are yearning for an IT investment appraisal 

technique that incorporates the tangible and intangible benefits of IT investments.  

 

Modern IT performance measurement frameworks, which go beyond traditional IT investment 

appraisal methods, are rarely developed with the construction industry in mind. The banking, 

insurance, manufacturing, retail and financial services sector have been the most popular 

industries to benchmark in this area of research (Kauffman and Weill, 1989; DeLone and 

McLean, 1992). This research dissertation was inspired by the perceived lack of an appropriate 

performance measurement framework for IT in the construction industry (Marsh and Flanagan, 

2000).  

 

Due to the complexity of IT evaluation, construction professionals are not comfortable with the 

available set of tools and techniques with which to justify their investments in IT. The primary 

reasoning for this reluctance to adopt existing IT performance evaluation tools and techniques is 

that they are claimed to offer inappropriate prescriptions in today�s technology era, and are 
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regarded as being unable to accommodate the wider human and organisational implications of 

IT (Ballantine and Stray, 1999; Serafeimidis and Smithson, 2000). Modern IT performance 

evaluation frameworks such as the Balanced Scorecard (BSC) developed by Kaplan and Norton 

(1996) and more recently, the IT BSC developed by Martinsons (1999), attempt to 

accommodate the many tangible and intangible benefits of IT investments. This new generation 

of IT performance evaluation frameworks is multi-perspective in nature and enables the entire 

spectrum of IT benefits to be evaluated. Chapters 4 and 8 of this research dissertation critically 

reviews these various multi-perspective IT performance evaluation frameworks in an attempt to 

develop a framework relevant to the construction industry.  

 

Construction organisations willing to invest in setting up a comprehensive IT performance 

measurement framework will be rewarded by results that translate business strategies into 

action. A good mix of short, intermediate and long term measures are needed to gauge the 

efficiency and effectiveness of IT projects to company goals and objectives. Creating, sharing, 

enhancing, managing and documenting IT performance measurement knowledge will provide 

critical corporate continuity in this area. A knowledge repository will help to minimise the loss 

of institutional performance management knowledge that may result from retirements, transfers, 

promotions, etc. Throughout the measurement process, communication with project participants 

and stakeholders is vital for performance measures to be effective. Communicating internally 

fuels performance measurement momentum, whilst external communication enhances 

excitement and thus funding by stakeholders/shareholders. 

 

In summary, the construction industry needs an effective framework so that it can evaluate the 

performance of IT investments. This phase of the IT project lifecycle is the primary focus of this 

research dissertation. Chapter 7 details concepts of IT benchmarking, IT performance 

measurement and outlines the research method for developing an IT performance evaluation 

framework. Chapters 8, 9 and 10 are concerned with the intricate design of various components 

of the IT performance evaluation framework. Finally, Chapter 11 illustrates the application of 

the proposed IT performance evaluation framework. 

 

3.6 Summary 

 

This thesis identifies and addresses three distinct phases of the IT project lifecycle, namely, IT 

project selection, IT implementation and monitoring, and IT performance evaluation. It aims to 

develop generic strategic frameworks for the selection, implementation, monitoring and 

evaluation of IT investments. Clearly, in extrapolating the implications from the literature and 

empirical evidence provided, construction organisations need to undertake structured selection, 
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strategic implementation and rigorous evaluation of IT investments. In addition, by following 

the three phases of the IT project lifecycle, briefly discussed here, and developed further in later 

chapters, construction organisations will reap the benefits of a structured approach to IT 

investment management. Clearly, in their current form, traditional methods for selection, 

implementation and evaluation lack relevance to the dynamic nature of IT investments. 

Furthermore, the lack of research focus and limited application of new generation approaches in 

the construction industry further compound the problem. The research dissertation presented 

herein, aims to build a solid foundation of research for the three phases of the IT project 

lifecycle. 
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CHAPTER  4 

 

CRITICAL REVIEW OF INVESTMENT APPRAISAL 

TECHNIQUES 
 

 

4.1 General Remarks 

 

For the purpose of this chapter, IT investment appraisal techniques cover all the relevant 

techniques available for IT project selection, implementation and performance evaluation. The 

existing methods for IT investment appraisal range from single-criteria cost-benefit analysis to 

multiple criteria scoring methods or ranking models, or subjective committee evaluation models 

(Banker and Kauffman, 1991). As Keen (1991) suggests, we are still at the learning stage as far 

as a suitable time frame of evaluating the impact of IT investments is concerned. Indeed, a 

survey presented by Hochstrasser and Griffiths (1991) revealed that: 

 

• Regarding the criteria used for undertaking an investment, only 16% of the companies 

reported that they were based on specific methods of measuring the benefits. Given the fact 

that the procedures for evaluating other types of investments are usually very strict, this may 

mean that either there is something inherently different in the approach for evaluating IT 

investments or the majority of companies simply do not possess suitable evaluation tools. 

 

• An almost equal number of companies, 15%, feel comfortable aiming at the same levels of 

investment as their rivals. The rationale behind the approach is based on the belief that, in 

uncertain situations, the safest way is to follow the majority.  

 

• A slightly larger percentage, 18%, assigns the responsibility of justifying the investment to 

the various departments involved. The emphasis in such an evaluation procedure is given 

more in the technical performance that is achieved rather than in the examination of whether 

the services offered by the system satisfy total business objectives. 
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• The second largest percentage, 21%, indicated that IT investments are justified, not by the 

estimation of the incomes and broader benefits, but by the fact that the company would not 

survive without the IT expenditure. 

 

• The most popular justification for IT investments, 30%, is that the innovative use of IT has 

provided many companies with the opportunity to offer better customer service and increase 

their product quality. 

 

The limited understanding of IT investment appraisal has prompted this critical review of 

modern investment appraisal techniques. This chapter seeks, firstly, to undertake a critical 

review of modern investment appraisal techniques. The chapter examines the applicability of 

each technique to each phase of the IT project lifecycle. The advantages and disadvantages of 

each technique are presented along with an application demonstrating the employment of the 

technique for either IT projects selection, implementation or performance evaluation. The aim 

of the critical review is to align suitable appraisal techniques with each stage of the IT project 

lifecycle. Further chapters of this dissertation will employ these techniques for the lifecycle 

management of IT investments. 

  

4.2 Which Investment Appraisal Technique? 

 

The 1990�s have been labelled as the �information era� with IT playing an increasing role in 

business organisations. IT provides new forms of customer service, new distribution channels, 

new IT based products, improved productivity, as well as having the capacity to influence the 

industry structure. Past achievement is often used as a basis to rationalise increased IT spending. 

The common logic applied is that, if selected organisations report extraordinary success in IT 

applications, then increased investment should positively impact upon the firms� performance. 

Dramatic improvement in IT capabilities have been accompanied by increased IT investments. 

However, aggregate output statistics do not indicate that any benefits have been realised from 

investments in IT. Many studies have failed to provide evidence that IT investments leverage 

the value of the organisation (Dos Santos et al., 1992; Weill, 1992; Dos Santos and Sussman, 

2000). This is often referred to as the �productivity paradox� and has been approximately 

classified as the �clash of expectations and statistics� (Brynjolfsson and Hitt, 1993; Dos Santos 

and Sussman, 2000).  

 

As an area of academic research the IT investment-performance linkage has numerous gaps and 

has often been criticised (Kauffman and Weill, 1989). Recent studies have produced fresh 
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evidence and put research in the area of firmer foundation. However, in general, the analysis has 

been limited to measuring the value of IT investments using aggregate organisation performance 

measures, such as sales, Return on Assets (ROA) and Return on Equity (ROE). Many 

researchers have already highlighted the shortcomings of using aggregate statistics in studying 

the effects of IT spending on organisational performance (Panko, 1991; Brynjolfsson, 1993). 

The main benefit that has been put forward to business is that IT has the necessary capability to 

transform archaic business processes (Hammer, 1990). Further, it is believed that the value of IT 

investments should then manifest as improvements in business processes. Accordingly activity 

performance measures should also be considered as dependent variables in evaluating the 

business value of IT. 

 

Unfortunately, empirical studies on the impact of IT investment on firm performance have 

failed to produce consistent results. The problem of identifying the business value of IT 

investments is complicated by the fact that IT has an impact at several levels in an organisation, 

but only indirectly contributes to profitability. At all levels of analysis, exogenous factors and 

measurement problems can lead to contradictory or vague results. Yet, another problem has 

been the identification of suitable techniques that give reliable results. While the results of the 

studies reviewed are not uniform, some report little, or negative impacts of IT investments, and 

still others have found significant positive impacts of IT on organisation performance. In many 

of these studies, dependent variables have been selected with limited rationalisation about why 

other performance variables were excluded. While there is no unanimity on the dependent 

variables that should be used, increasingly researchers suggest the use of multiple measures 

(Willcocks, 1992). 

 

Thus, organisations need to adopt investment appraisal techniques that encompass the full value 

derived from their IT investments. The following section summarises modern investment 

appraisal techniques in an attempt to align the most appropriate techniques with each stage of 

the IT project lifecycle. 

 

4.3 Summary of Appraisal Techniques 

 

Table 4.1 provides a summary of both traditional and non-traditional appraisal techniques, 

together with their respective literature sources. These techniques have been grouped into four 

classifications: economic, strategic, analytical, and integrated. Furthermore, the classifications 

of economic and analytical approaches have been divided into further groups (see Table 4.1)  
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Economic appraisal techniques are structured in nature, and include those traditionally used by 

accountants. They are based on the assignment of cash values to tangible costs and benefits, but 

they largely ignore intangible factors. Nevertheless, project risk can be acknowledged through 

the manipulation of variables. Strategic approaches are less structured in nature, but they 

combine tangible and intangible project implications, whilst acknowledging the impact of the 

project on the long-term future of the organisation. However, projects using this approach are 

considered somewhat risky (Irani et al., 1997). Analytical appraisal techniques are highly 

structured in design but are subjective in nature, with their use often including tangible and 

intangible factors. These techniques also acknowledge the project�s risk. Finally, integrated 

approaches combine subjectivity with formal structure. These approaches integrate financial and 

non-financial dimensions together, through the acknowledgment and assignment of weighting 

factors to the intangible implications of the project. Here again, project risk can be integrated 

into certain techniques. 

 

The basis of the taxonomy presented in Table 4.1 is to classify the variety of techniques 

available through the identification of their respective characteristics. The inability of many 

construction companies to quantify the full implications of their IT investments, from a cost, 

benefit and risk perspective, bring into question the predictive value of those organisational 

justification processes that are totally dependent on traditional appraisal techniques. The 

problem appears to lie in the unsuitability of those appraisal techniques classified as economic 

approaches, with their sole reliance on financial aspects during the justification process, 

suggesting selective investment appraisal. The reason for this is that these techniques only 

address tangible costs and benefits associated with the IT project, and they are unable to 

accommodate the often significant strategic dimensions of many IT investments. Furthermore, 

many of the costs associated with implementing new technology cannot be easily quantified and 

are, therefore, often overlooked (Hochstrasser, 1992). These factors have significant 

implications during the investment decision-making process and, as Small and Chen (1995) 

suggest, may force many companies to adopt one of the following strategies: (i) refuse to 

undertake IT projects that could be beneficial to the long term competitiveness of the 

organisation; (ii) invest in projects as an �act of faith�; or (iii) use creative accounting to pass the 

budgetary process. 

 

Many of the techniques detailed in Table 4.1 have been critically evaluated in the following 

sections for their relevance to each phase of the IT project lifecycle (see asterisk, *). Illustrative 

examples are used to demonstrate the application of these techniques to the complex problem of 

IT investment appraisal. 
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Table 4.1 Appraisal techniques and references (adapted from Irani et al., 1997) 
 
Appraisal Technique 
 

 
Classification 

 
Characteristics 

 
Reference sources 

Payback 
 
Return on Investment 
(ROI) 
 
Cost-Benefit Analysis 
(CBA) 

Economic approach: 
(ratio-based) 

Purely quantitative in terms of benefits 
and costs 
Purely quantitative in terms of benefits 
and costs 
 
Purely judgemental in nature 

Huang and Sakurai (1990); 
Dugdale (1991) 
Pavone (1983); Suresh and 
Meredith (1985) 
 
Kaplan (1984); Kakati and 
Dhar (1991) 

Net Present Value 
(NPV)* 
 
 
Internal Rate of Return 
(IRR) 

Economic approach: 
(discounting technique) 

Purely quantitative financial technique 
with possible modified hurdle rates to 
account for the qualitative or strategic 
aspect 
Purely quantitative financial technique 
with possible modified hurdle rates to 
account for the qualitative or strategic 
aspect 

Kaplan (1984); Kakati and 
Dhar (1991) 
 
 
Kaplan (1984); Hares and 
Royle (1994) 

Option Pricing 
Theory* 

Economic Approach 
(future value 
technique) 

Quantifiable financial technique. More 
complex than traditional economic 
approaches by including future value 

Furlong and Keeley, (1989); 
Ronn and Verma, (1989) 

Technical importance/ 
Research and 
development 
 
Competitive advantage 
 
 
Critical success factors 
 
 
Application Portfolio 
Approach* 
 
SWOT Analysis* 
 

Strategic approach Strategic decision as a measure of 
success 
 
 
Integration of strategic, operational and 
financial decision into measures of 
success 
Purely judgemental in nature. Integration 
of strategic, operational and financial 
decisions into measures of success 
Purely judgemental in nature. Integration 
of strategic, operational and financial 
decisions into measures of success 
Purely judgemental in nature. Integration 
of strategic, operational and financial 

Meredith and Suresh (1986); 
Swamidass and Waller 
(1991); Naik and 
Chakravarty (1992); 
Parker et al., (1988); 
Hochstrasser (1992) 
 
Rockart (1979); 
Hochstrasser and Griffiths 
(1991) 
Ward (1990) 
 
 
Davies, (1997); Kurttila et 
al., (2000) 

Non-numeric 
 
Scoring models 
 
Analytic Hierarchy 
Process (AHP)* 
 
Computer based 
techniques 
 
Fuzzy Logic* 
 

Analytic approaches 
(portfolio) 

Scoring technique with a formal structure 
to a judgemental approach 
Scoring technique with a formal structure 
to a judgemental approach 
Scoring technique with a formal structure 
to a judgemental approach 
 
Optimised approach involving analytic 
formulations with numerical solutions 
and different programming techniques 
Optimised approach involving analytic 
formulations with numerical solutions  

Suresh and Meredith (1985) 
 
Nelson (1986) 
 
Saaty (1988) 
 
Burstein (1986); Primrose 
and Leonard (1987) 
 
 
Mamdani, (1994); Monoh et 
al., (1995);  

Risk analysis 
 
 
Value analysis 

Analytic approaches 
(other) 

Purely judgemental in nature. Scoring 
technique with a formal structure to a 
judgemental approach 
Purely judgemental in nature. Scoring 
technique with a formal structure to a 
judgemental approach 

Swamidass and Waller 
(1991); Remenyi and 
Heafield (1995) 
Meredith and Suresh (1986); 
Money et al. (1988) 

Multi-attribute utility 
theory* 
 
 
Scenario planning and 
screening 
 
 
Information 
economics* 
 
Balanced scorecard* 

Integrated Approaches Purely judgemental in nature. Possible 
integrated approach where strategic, 
operational and financial decisions are 
integrated into measures of success 
Purely judgemental in nature. Possible 
integrated approach where strategic, 
operational and financial decisions are 
integrated into measures of success 
Evaluation where financial aspects are 
considered  first and strategic criteria 
applied next 
Possible integrated approach where 
strategic, operational and financial 
decisions are integrated into measures of 
success 

Sloggy (1984) 
 
 
 
Garrett (1986); Kennedy and 
Sugden (1986) 
 
 
Parker et al. (1988) 
 
 
Kaplan and Norton (1996) 
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4.4 Discounted Cash Flow Methods 

 

The development of theory with regard to investment analysis spans several decades. 

Traditional investment appraisal techniques, such as return on investment (ROI), Internal Rate 

of Return (IRR), Net Present Value (NPV) and payback approaches are often used to appraise 

capital investments in IT (Ballantine and Stray, 1999). These techniques are based on 

conventional accountancy frameworks. They are specifically designed to assess the �bottom 

line� financial impacts of investments, by often setting direct IT related costs against 

quantifiable benefits achievable. A basic characteristic of traditional discounted cash flow 

(DCF) methods is that the investments are represented as a set of negative and positive cash 

flows. In order to value a project we must know the dollar value of the initial investment, the 

outlays and revenues during the project�s lifetime and the salvage value of the investment, 

hence, an IT project. Because, positive and negative cash flows at different moments are not 

comparable, discounting is introduced. Two popular methods prevail: the NPV and IRR. The 

former discounts cash flows, using a time value of money as the discount rate; the latter seeks 

the discount rate that equals positive and negative cash flows. For an investment to be 

acceptable respectively, the NPV should be greater or equal to zero, or the IRR should be equal 

or greater than the time value of money. A problematic issue is finding the right time value of 

money. Different theories have been developed to serve this purpose. Bierman and Schmidt 

(1992) argue that the time value of money is determined by the cost of capital, being the 

weighted average of the cost of acquiring the different capital components of the balance sheet 

of the firm. The following section provides an example of a NPV calculation for investment in a 

Project Web Information Management Extranet (PWIME). 

 

4.4.1 Application: NPV calculation for investment in a PWIME 

 

The formula used to represent the NPV is the following: 

 

∑
= +

+−=
n

t
t

t

r
CF

INPV
1

0 )1(
       (4.1) 

 

Consider a simplified example of an IT infrastructure investment opportunity. Suppose you are 

the CEO of a small project management firm. To improve the productivity of your 25 

employees, you consider installing a PWIME to help coordinate and manage your construction 

projects. Studies estimate a productivity improvement of zero percent in the first year, and five 

percent in subsequent years. The PWIME will cost $50,000, and will be obsolete after 4 years of 

operation. Since all the workers are paid on an hourly base, you will be able to cash in on the 
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improved productivity. The average wage is $20 per hour, and the discount rate is 9%. If we 

assume that the productivity gains occur at the end of each period, then: 

  

I0  = $50,000 

 CF1  = $0 

 CF2,3,4  = (48 wk�s × 40 hrs × $ 20 /hr × 25 workers) × 0.05  

= $48,000 

 NPV  = -$50000 + $0 + $40,400 + $37,065 + $34,004  

= $61,469 

 

From an economic perspective the PWIME should be installed, because the NPV is positive. 

  

4.4.2 Advantages and disadvantages of NPV method 

 

The NPV method has received much criticism from many authors. Major problems concern the 

ability of the method to: value intangible benefits and costs; estimate future cash flows; identify 

the possibility to properly value management flexibility; and to determine the appropriate 

discount rate. Firstly, the discount rate is problematic. Besides choosing the right basis for 

calculating the �time value of money�, its relation to the IT project risk is often used. This is the 

summation of the risk-less market rate (i.e. returns on bonds) and some risk premiums assume a 

particular risk profile for the whole project. Different stages in the project lifetime and different 

cash flows may be connected to different risk profiles. The second important problem posed is 

the concept of management flexibility. As is stated by several authors (Dos Santos, 1991), the 

NPV method does not properly take account of management flexibility.  

 

4.5 Option Pricing Theory 

 

Traditional cost/benefit and capital budgeting analyses, such as �Net Present Value� (NPV), tend 

to ignore an investment�s strategic value and helps little in evaluating complex investment 

decisions. Managers would like to know when it is the right time to invest, now or later. They 

wish to know, should they invest in IT projects that might have �negative� NPV, but could 

possibly create valuable competitive advantage later? As well as what is the value of the 

investment opportunity? 

 

Option pricing theory recognises the interactions among option holder�s optimising behaviours, 

assets uncertainty and market disciplines. The option model has been used widely in both the 

banking and insurance literature (e.g. Ronn and Verma, 1989). Recently, the option pricing 
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theory is often applied in the evaluation of non-financial assets or real investments. This 

dynamic pricing process overcomes difficulties in the �discounting approach�, and computes the 

value of an investment more realistically. Modern option pricing theory is partially suitable for 

the evaluation of IT investments. Since Black and Scholes� (1973) breakthrough in the valuation 

of stock options, theories regarding asset valuation of stock options, along with theories 

regarding asset valuation concepts and processes have advanced into a new era. The most 

powerful feature in their pricing approach is that the price can be solved independently of the 

individual investor�s risk attitudes.  

 

The valuation of IT investments has always been a problem. This is especially so for 

investments in IT infrastructure which are difficult to value; future cash flows are very uncertain 

and difficult to identify. IT infrastructure investments enable follow-up or second stage 

investments. This can be seen in the following formula: 

 

NPV (total) = NPV (infrastructure) + NPV (second-stage)    (4.2) 

 

The option pricing theory focuses on the second NPV calculation. It assumes that the traditional 

NPV does not include this part of the calculation, or is not able to calculate the correct value for 

it. By incorporating the NPV or the follow-up investment, the management flexibility concept in 

the option pricing theory is being introduced. Management flexibility implies that management 

still does not have a choice to start the second stage project or not to start the project at all. 

 

4.5.1 Application: Valuation of installed software on PWIME 

 

So how does valuation work? Consider again our example of the investment in the PWIME. The 

option pricing theory can be used to determine the value of an option, like introducing a new 

PWIME-based software, i.e. NPV(second stage) on top of the PWIME, i.e. NPV infrastructure. 

This option adds additional value to the NPV of the initial investment of the initial investment 

in the PWIME itself. 

 

Different models, based upon the original Black and Scholes formula, have been introduced 

(Margrabe, 1978; Dos Santos, 1991; Kambil et al, 1993).  

 

In an analogy with the Black and Scholes parameters, Dos Santos (1991) uses the following 

definitions: 
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1. The current value of the expected Benefits (B) of the second stage (in our example the 

PWIME software), excluding the development costs of the first-stage project (in our 

example the PWIME);  

2. The current value of the expected development Costs (C) of the second stage of the project 

(in our example the PWIME); 

3. The risk free interest, r; 

4. The time before which the option to develop to the second-stage project must be exercised, 

t; 

5. The instantaneous variance of the benefit-cost ratio (B/C). The variance Dos Santos uses, 

accounts for different variances for both the benefits  (B) and the costs (C), as well as the 

correlation between the two. For reasons of simplicity, we will assume the same σ2 for B 

and C, and no correlation between the two. σ2 can be calculated by equation 4.3. 

 
222
Bc σσσ +=          (4.3) 

 

The option-pricing model Dos Santos uses is: 

 

)()( 21 dCNdBNVopt −=        (4.4) 

 

where,  

 
t

t
C
B

d
σ

σ
2

ln 2

1

+





=         (4.5) 

 

tdd σ−= 12         (4.6) 

 

To determine the values of B and C we must estimate the value of the second stage project 

today. This implies the use of discount to calculate the present value of B and C. Let us assume 

that the present value of the costs of the software are $500, and a present value for the overall 

benefits of the project is $3,500. The product will be obsolete in 2 years, therefore t = 2. The 

probability of cash flows is fluctuating within a range of 20%, above or below the expected 

value, which is estimated at 66%. Therefore, B and C equal 0.2 (σ2 = 0.08). Now we can 

calculate the value of the option as follows: 
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The value of the option, i.e. NPV (second stage), according to the model, is $1,131. This is the 

extra value of using the PWIME software on top of the NPV generated by the PWIME itself. 

 

4.5.2 Advantages and disadvantages of option pricing theory  

 

Option pricing theory has the advantage that it overcomes the difficulties in traditional 

discounting approaches and can compute the value of technology investments more realistically. 

Further, option pricing theory explicitly considers the investments uncertainty/risk and 

managerial options. However, the option-pricing model confronts management with three 

problems: (1) the estimation of the input values for the variance and NPV of the second stage 

project is difficult; (2) the model is too simplistic because too many assumptions are being 

made; and (3) the model is too complex to communicate. 

 

The option pricing model requires two important input parameters: the variance of the NPV of 

the second stage projects, and the NPV of the second stage project itself. Managers usually 

think in terms of decision points, not in continuous distributions of cash flows. Because of this 

managers will find it very hard to answer the question, �what is the standard deviation of the 

rate of change of the development costs of the revenues?� It will be even harder for them to 

estimate the correlation coefficient between the rate of change of revenues and the development 

costs. The estimation of the second stage project remains the same old problem for 

management: predicting cash flows and determining appropriate discount rates. The option 

model does not solve the problems with the discounted cash flows it only creates more. 

 

Another problem with the option-pricing model is that the formula is hard to understand. As 

stated earlier, other authors labelled the model as complex and un-intuitive for many of its users. 

Communicating results from such a model will pose problems for managers, as they will have to 

understand the nature of these results. A related risk of using complex option models is that 

attention to the most challenging issues, is lost; for IT investments, predicting future costs and 
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benefits for the NPV calculation are the real problems, not the volatility of that NPV until a 

certain decision point. Therefore, the option model adds relatively low value to the total 

valuation problem. 

 

Option pricing theory�s relevance to IT investment appraisal is limited. The theory provides a 

decision support system for �if and when� organisations should select IT investments based on 

value and risk. The theory may be best used in conjunction with other decision-making 

methodologies, such as AHP or fuzzy logic. Applied alone, option pricing theory fails to 

incorporate the many facets of IT project selection provided by multi-attribute frameworks. For 

example, option pricing theory could be a tool to determine the score for various IT projects 

under the �return on investment� criteria of an AHP analysis. The major limitation of the option 

pricing theory is its single criteria approach. While this approach may be suitable for strict 

financial decisions, it lacks intangible criteria, such as competitive advantage, user satisfaction, 

technology considerations, etc. These criteria are sometimes the primary drivers for many 

construction organisations when selecting new innovative IT investments.  

 

4.6 Balanced Scorecard 

 

The Balanced Scorecard (BSC) is an evaluation tool being increasingly used by organisations to 

measure performance. The organisations� strategy is evaluated by using financial, customer 

perspective and operational measures. The BSC was first introduced by Kaplan and Norton 

(1992) to allow managers to look at their business performance, from four important 

perspectives, as detailed in Figure 4.1. Following Kaplan and Norton�s (1996) framework, the 

four following principles have to be complied with in order to develop a BSC that is more than a 

group of isolated and eventually conflicting strategies and measures. 

 

4.6.1 Cause-and-effect 

 

The cause-and-effect philosophy ensures that the company vision and strategy is linked to the 

business unit and operational level measures. These cause-and-effect relationships can involve 

several of or all four of the BSC perspectives. For example, providing effective training sessions 

to staff on a new innovative approach to undertake an existing operational process (user 

orientation perspective), will improve their efficiency at performing the task (internal operations 

perspective). This in turn will result in staff undertaking the task more quickly, resulting in cost 

savings to the organisation (business value perspective). 
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Figure 4.1  The BSC links performance measures (Kaplan and Norton, 1992) 

 

4.6.2 Outcome measures and performance drivers 

 

An effective BSC should have a diversity of measures that include an appropriate mix of 

outcome measures and performance drivers. Outcome measures assess the actual results, effects 

or impacts of IT, compared to its intended purpose. Outcome measures may be at the level of 

user satisfaction with the IT services or cycle time reduction attributable to automated work 

processes. Kaplan and Norton (1996) defined the drivers of performance as the ones that tend to 

be unique for a particular business unit, reflecting the uniqueness of the business unit�s strategy: 

the drivers of profitability; the market segments in which the unit chooses to compete; the value 

propositions delivered to customers in the targeted marketed segments; and the particular 

internal processes, and learning and growth capabilities that enable the financial and customer 

objectives to be achieved. 

 

4.6.3 Linkage to financial measures 

 

The BSC must retain a strong emphasis on financial outcomes. Failure to convert improved 

operational performance into improved financial performance should send executives back to 
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the drawing board to rethink the company�s strategy or its implementation plans (Kaplan and 

Norton, 1996).  

 

4.6.4 Diversity, format and content of measures 

 

An IT performance management system should have a diversity of measures, matched to the 

right organisational need and the right level of decision-making, as well as the right action taken 

on the measure. These measures can capture the performance at the project, business unit and 

organisational levels of a construction company. Ultimately, construction professionals will be 

able to use the BSC as an Executive Information System with data feeding into the system on-

line rather than monthly or through other asynchronous reports. A construction manager would, 

therefore, be able to �click� on the �goals� or �measures� of one of the perspectives, and thereby 

�file down� to extract current data on measures previously selected as being relevant to those 

goals. Management tools can be adopted which further enhance the �live� monitoring of IT 

performance in construction.  

 

4.6.5 The IT balanced scorecard 

 

The IT productivity paradox has prompted calls for new approaches to measure and evaluate IT-

related investments (Barua et al., 1996). Grembergen and Bruggen (1999) applied the BSC to 

the evaluation of IT projects and the IT function, as a whole. However, they demonstrated that 

there are many pitfalls when implementing the IT BSC. Major (generic) shortcomings were: 

 

• The inspected IT BSC�s were operational management systems, but not strategic 

management systems, due to the absence of long term targets;  

• Insufficient cause-and-effect relationships and insufficient performance drivers; and 

• Insufficient communication. 

 

Martinsons (1992) has suggested that the BSC may also help managers evaluate IT investments 

in a holistic manner. Accordingly, Martinsons developed the following four perspectives: 

business value, user orientation, internal processes, and future readiness, as illustrated in 

Figure 4.2. This IT BSC translates perspectives into corresponding metrics and measures that 

reflect strategic goals and objectives. The measures are generic in nature, because each 

corporate mission and the strategic goals related to it will require a unique set of measures 

(Barua et al., 1995; Kaplan and Norton, 1996). Martinsons� proposed metrics are extracted from 

the mainstream IT management literature as well as the emerging literature on information 

economics (Parker et al., 1988).  
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Figure 4.2  Four perspectives of the IT BSC (Martinsons, 1999) 

 

Martinsons� framework views: (1) the IT department as an internal (rather than external) service 

supplier; and (2) IT projects are commonly carried out for the benefit of both end-users and 

organisation as a whole (rather than individual customers within a large market).  

 

4.6.6 Application: Using the IT BSC for performance evaluation 

 

Based on Martinsons� IT BSC, this hypothetical example aims to provide a framework for the 

development of an effective IT BSC that integrates all facets of the construction process. This 

hypothetical application is further detailed in Stewart and Mohamed (2000). 

 

(1) Measuring and evaluating the business value perspective  

 

IT business value is a much broader concept than IT benefits because the terminology implies 

the creation of business value at many levels within a construction project or organisation. For 

example, the implementation of a project web for a construction project will reduce the amount 

of manual administration required. However, the �real� value of such a system is the improved 

coordination and communication between project participants, resulting in improved staff 
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utilisation and efficiency. IT performance evaluation needs to be addressed for two different 

categories: the short-term cost benefit evaluation that is commonly applied to individual 

construction projects; and the longer term perspective relevant to the organisational level. Table 

4.2 details some project orientated goals and performance measures for the business value 

perspective of the IT BSC.  

 
 
(2) Measuring and evaluating the user orientation perspective  

 

This perspective captures the ability of the organisation to provide quality services, support and 

IT training to the users. It typically includes several generic measures of the successful 

outcomes from a well-formulated and implemented strategy. The generic outcome measures 

include user satisfaction, user retention and new user acquisition resulting in improved 

utilisation and efficiency. From an end-users perspective, the value of IT will be based largely 

on the extent to which it helps them to do their jobs more efficiently and effectively. Table 4.3 

details some project orientated goals and performance measures for the user orientation 

perspective of the IT BSC.  

 

 

Table 4.2 Goals and performance measures for the business value perspective 

Goal  Performance Measure 
1. Improved management and 

communication of project 
information through web 
technology 

• Frequency of documents stored  
• Frequency of documents transferred using IT 

2. Reduced re-work resulting 
from designs being undertaken 
from superseded information 

• Time spent undertaking design re-work  
• Frequency of RFI�s issued by the contractor 

 

 

Table 4.3  Goals and performance measures for the user orientation perspective 

Goal  Performance Measure 
1. System acceptance by users • The ratio of the number of employees regularly 

using the system to the total number of employees 
having access to the system 

2. Effective training sessions • The ratio of the number of users requesting 
additional training/help to the total number of 
participants per training session 

3. Users satisfied with 
applications, output, training, 
support, etc. 

• Percent of users satisfied with IT applications 
• Percent of users satisfied with training and 

technical support provided 
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(3) Measuring and evaluating the internal processes perspective  

 

This perspective focuses on the internal business results that lead to financial success and 

satisfied customers. To meet organisational objectives and customers� expectations, 

organisations must identify the key business processes at which they excel. The measurement 

and evaluation of IT planning, development and maintenance activities should yield useful data 

about the productivity of different resources. Construction managers can be informed about the 

performance of specific people and technologies on specific projects, allowing them to pinpoint 

problem areas more easily and produce better estimates of the time and resources. Table 4.4 

details some project orientated goals and measures for the internal process perspective of the IT 

BSC.  

 

(4) Measuring and evaluating the future readiness perspective  

 

Construction organisations are unlikely to be able to meet their long term targets for customers 

and internal processes using today�s technologies and capabilities. Also, intense global 

competition requires that companies continually improve their capabilities for delivering value 

to customers and shareholders (Kaplan and Norton, 1996). By instilling a future readiness 

culture within IT specialists and users, an organisational vision for the assimilation and 

application of new technology, or the re-engineering of a particular business process set, can be 

established (Teng et al., 1994). The measurement of the IT department�s future opportunities 

has to do with preparing the staff for the future, preparing the applications portfolio for the 

future and putting effort into researching new emerging technologies. The ability to integrate 

high quality IT services into construction practice within 3 to 5 years has to be prepared today. 

IT specialists have to assess future opportunities and anticipate them. Table 4.5 below details 

some project goals and performance measures for the future readiness perspective of the IT 

BSC.  

 

Table 4.4 Goals and performance measures for the internal process perspective 

Goal  Performance Measure 
1. Improved communication 

among project participants 
• Time spent on rework, resulting from lack of 

coordination 

2. Information made available 
to entire project team as 
soon as it is completed 

• Time taken to report changes to management 
• Percent of input not received on time 

3. System utilisation and 
performance 

• Frequency of messages not delivered 
• Frequency of utilisation for non-project related 

functions  
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Table 4.5 Goals and performance measures for the future readiness perspective 

Goal  Performance Measure 
1. Research into emerging 

technology 
• IT research budget as a percentage of overall IT budget 
• Top management satisfaction with IT staff reporting on 

emerging technologies 

2. User satisfaction and 
utilisation of technology 

• User satisfaction with applications 
• Utilisation of applications by users 

3. Global collaboration  • Frequency of projects completed, employing IT to 
facilitate input by national or international experts 

 
 
(5) Monitoring IT performance measures  
 

Implemented IT performance measures can be monitored over the IT project life span.  In this 

hypothetical example we are looking at IT performance measurement on a construction project. 

For example, we may be looking at the measure �frequency of documents transferred using IT�. 

If a baseline of 30 documents per week is established and, three months into the construction 

project a 50% increase in documents transferred using IT was experienced, i.e. 45 documents 

per week, an improvement is recorded on the business value perspective of the IT BSC. 

Determining whether a 50% improvement is considerable is dependent on the performance 

targets set by the organisation implementing the IT BSC. The contribution or weighting of 

performance measures towards each IT BSC perspective is also decided by the organisation 

depending on their goals and objectives.  

 

Management tools can be adopted which further enhance the �live� monitoring of IT 

performance in construction. For example, at the early stages of a construction project, results 

could be used as a construction baseline (Figure 4.3). Throughout the construction project, 

results should also be imputed into the Management Information System (MIS) to monitor 

improvements in the effectiveness of the IT implementation. At, or close to, completion of the 

construction project, a final measure should be taken which can serve as a benchmark for future 

projects (Figure 4.3).  

 

4.6.7 Advantages and disadvantages of the balanced scorecard 

 

The advantage of the BSC is that, while giving senior managers information from four different 

perspectives, it minimises information overload by limiting the number of measures used 

(Kaplan and Norton, 1992). When combined into a concise report, distributed to the 

management team and cascaded throughout the organisation, a well-designed BSC would: 
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Figure 4.3  IT performance measurement baseline monitoring tool 

 

• Eliminate information overload by bringing together, in a single report, crucial elements of 

an organisations� strategic agenda; 

• Help managers understand interrelationships in performance by tracking how improvements 

in one area impact other areas; 

• Force the management team to clarify the organisational strategy to a level of specificity at 

which its implementation can be measured and tracked;  

• Provide focus and the clear prioritising of needed actions/resources; 

• Improve communication by providing a common language and reliable information about 

current organisational strengths and weaknesses; and 

• Help focus management attention towards where the organisation is going. 

 

Schneiderman (1999) argues that there are a number of reasons why BSC�s could fail. These 

reasons are that: 

 

• The independent (i.e. non-financial) variables are incorrectly identified as the primary 

drivers of performance; 

• The improvement goals are negotiated rather than based on stakeholder requirements;  
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• The metrics are poorly identified; 

• There is no deployment system that breaks high-level goals down to the sub-process level 

where actual improvement activities reside; and 

• There is no quantitative link between non-financial perspectives and expected financial 

results.  

 

4.7 Information Economics (IE) 

 

Information Economics (IE) goes beyond traditional �IT business value� techniques and 

introduces the concepts of value and risk. The major advantage in adopting an IE approach 

within the construction industry is that it goes beyond the tangible benefits derived from IT 

investments. They are unlikely to be perceptible in such an industry. For example, a newly 

introduced database management system may or may not bring hard benefits to the first major 

construction project for which it is used. Nevertheless, it will certainly make a difference to 

every subsequent construction project. It is difficult to bring all these factors into the equation 

when trying to decide on the investment in the first place?  

 

IE can offer solutions to these problems. It provides a framework wherein the total positive and 

negative impacts that IT projects can have on an enterprise can be discussed and evaluated. It 

looks at how systems will be developed and used, as well as what benefits a system may bring. 

Thus it encompasses a number of human and management factors. Since the success or failure 

of a system largely depends on these factors, as well as business factors (Wiseman, 1992). 

 

4.7.1 Determining the value of an IT project 

 

To determine the value of IT investments according to business priorities, construction 

organisations can use the techniques of IE to go beyond traditional NPV and ROI analysis 

methods. IE is based upon the concepts of value and two-domain analysis. Value is the 

contribution of IT that enables the success of the business unit. Two-domain analysis segments 

organisations into business and technology domains that help to assess the impact of IT on each 

domain (Parker et al., 1988). 

 

Consequently, IE provides the means to analyse and select IT investments that contribute to 

organisational performance based upon the business value and risk to the organisation. This is 

achieved using the following business and technology domain factors. Detailed descriptions of 

each domain factor can be found in Parker et al. (1988). 
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The business domain factors include the following: 

 

• Return on Investment (ROI): Assesses the cost-benefit analysis, plus the benefits created by 

the IT investment on other parts of the organisation; 

• Strategic Match (SM): The degree to which a proposed project supports the strategic aims 

of the organisation; 

• Competitive Advantage (CA): Assesses the degree to which projects create new business 

opportunities, facilitate business transformation, increase company profile, etc.; 

• Management Information Support (MI): Assesses the projects� contribution to 

management�s need for information about core activities; 

• Legislative Implementation (LI): Assesses the degree to which the project implements 

legislation or other regulatory requirements; and 

• Organisational Risk (OR): Assesses the degree to which an information systems project 

depends on new untested corporate skills, management capabilities and experience. 

 

The technology domain factors include: 

 

• Strategic IT Architecture Alignment (SA): Assesses the degree to which the proposed 

project fits into the overall information systems direction and conforms to open-system 

standard; 

• Definitional Uncertainty Risk (DU): This assesses the degree to which the users� 

requirements or specifications are known; 

• Technical Uncertainty Risk (TU): This looks at the readiness of the technical domain itself 

to undertake the project; and 

• Information System Infrastructure Risk (IR): This assesses the degree to which extra 

investment, outside the specific project, may be necessary to undertake the project. 

 

As can be seen from the above, IE examines the cost and value that IT contributes to the 

business and technology domains separately. This provides a more accurate assessment of the 

impacts of an IT investment to the organisation. 

 

4.7.2 Application: IT project selection using information economics 

 

The following hypothetical example explains the employment of the IE technique for 

assessment of the proposed development and implementation of a Project Web Information 

Management Extranet (PWIME), for all the construction projects undertaken by a construction 
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contractor. Steps undertaken for the example include (1) establish weights; (2) evaluate value 

and risk factors; and (3) multiple IT project assessment. This hypothetical application is further 

detailed in Stewart and Mohamed (2000). 

 

(1) Establish weights  

 

Once the factors have been agreed to, the business and technology managers must decide upon 

the factors relative importance to the enterprise, and show this by assigning weights to them. 

This means obtaining consensus on what the business�s strategic direction and culture are. The 

weightings are the way in which IE is tailored to the organisation and should reflect the specific 

organisations� outlook and decisions. Once weighted, factors can be evaluated. 
 

(2) Evaluate value and risk factors 
 

The construction contractor needs to set up an Investment Review Committee (IRC) that can 

assign a score of one to five for each domain factor, according to specific criteria. The sum of 

the value factor scores, multiplied by the factor weights, constitutes the IT project value. The 

sum of the risk factor scores, multiplied by the factor weights, constitutes the IT project risks. 

The factor weights and risks can be displayed in an IE Scorecard, as shown in Table 4.6. 

 

In this hypothetical example, the construction contractor placed the highest weight, 10, on ROI; 

and 5, or half the importance of ROI, on strategic match. The construction contractor rated the 

proposed PWIME system high (4) on the ROI factor, due to the high savings in standard 

operating costs resulting from improvements in delivery processes, responsiveness, reporting 

and turnaround. A relatively high score (3.5) was also placed on competitive advantage (CA). 

Such a score was given to the PWIME system since it would act as a showcase for the 

construction company in delivering a high profile project through the use of innovative, 

business-to-business information management tools that would offer significant value to project 

stakeholders. The PWIME system received a 3 on the risk factors OR, DU, TU and IR. It 

received this result because of the lack of technology leadership, user resistance to change, the 

low technology literacy of project participants and the low technology capabilities of project 

participants.  
 

Table 4.6  IE scorecard for the construction PWIME (Project 1) 

 BUSINESS DOMAIN TECHNOLOGY 
DOMAIN 

IT PROJECT 
SCORE 

Factor ROI SM CA MI LI OR SA DU TU IR Value Risk 
Score 4 2 3.5 2 0 3 3 3 3 3 
Weight 10 5 5 5 0 2 5 2 2 2 

 
92.5 

 
24 
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(3) Multiple IT project assessment 

 

For multiple IT projects, the project scores can be displayed by factor, as shown in Table 4.7.  

In this example the construction contractor has a variety of IT projects proposed for the 

financial year. The Investment Review Committee (IRC) can use the IE method to choose the 

best IT project, based on balancing value and risk. In this hypothetical example, the maximum 

possible value score is 100. The maximum possible risk score is 35. For a project to be selected 

it must have a minimum acceptable value score of, for example 80 and its risks must be 

manageable. Minimum acceptable standards are usually determined from a combination of 

practical business experience and previously undertaken benchmarking and baselining activities.  

 

After the scores for each proposed IT project are determined, the IRC can rank the IT projects 

according to their total value scores and select the projects that provide the most value at an 

acceptable and manageable level of risk. Determining what are acceptable value and risk scores 

is determined by the IRC of each particular organisation. Conservative organisations may only 

engage IT projects with very low risk scores, no matter how high some prospective IT project 

values are. Alternatively, organisations, which foresee large growth from IT investments, may 

accept relatively high-risk scores. The IRC may wish to adopt a graphical tool to assist in the 

final selection of an appropriate IT portfolio (Figure 4.4). 

 

4.7.3 Advantages and disadvantages of information economics 

 

There is a further aspect to adaptability, which is linked to the question of how relevant are the 

factors produced by Parker et al. (1988) to the construction industry. They appear to be well-

chosen and cover all the issues. However, this does not mean they should be treated as carved in 

stone. Another strength of the IE approach is that it can be further developed, or adapted, to 

reflect newer thinking or environments (Wiseman, 1992). This characteristic is particularly 

beneficial to the construction industry, which holds few similarities to other industries. 

 

Table 4.7  IT project scores for a construction company using IE 

 BUSINESS DOMAIN TECHNOLOGY 
DOMAIN 

IT PROJECT 
SCORE 

Factor ROI SM CA MI LI OR SA DU TU IR Value Risk 
Score 4 2 3.5 2 0 3 3 3 3 3 
Weight 10 5 5 5 0 2 5 2 2 2 
Project 1 40 10 17.5 10 0 6 15 6 6 6 

92.5 24 

Project 2 40 10 4 6 0 4 12 6 2 0 72 12 
Project 3 35 10 10 20 0 6 15 6 6 6 90 24 
Project 4 15 8 0 4 0 0 2 3 2 0 30 4 
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Figure 4.4  IT graphical selection tool 

 

However, two deficiencies are evident with the IE approach. The first problem with the IE 

framework for selecting IT projects in its present form is that the factors or criteria for 

measurement are broad in nature. Thus, sub-factors need to be developed for each broad factor 

to reflect specific IT implementation processes or objectives. This will ensure less subjective 

assessments of IT implementation. Secondly, a precise method to weight and score factors also 

needs to be developed to reduce assessment subjectivity evident in this method. Removing or 

mitigating these deficiencies in the IE method will significantly enhance its usefulness for IT 

project selection in construction. 

 

4.8 Analytic Hierarchy Process (AHP) 

 

The Analytical Hierarchy Process (AHP), which was developed by Saaty (1990), has been an 

effective tool in structuring and modeling multi-objective problems. AHP is one of the most 

extensively used Multi-Criteria Decision-Making (MCDM) methods. AHP has been applied in a 

variety of contexts; from the simple everyday problem of selecting a school to the complex 

problems of designing alternative future outcomes of a developing country; evaluating a 

political candidacy; allocating energy resources; and so on (Cheng et al., 1999). AHP enables 
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the decision-makers to structure a complex problem in the form of a simple hierarchy and to 

evaluate a large number of quantitative and qualitative factors in a systematic manner, under 

conflicting multiple criteria. The application of AHP to the complex problem usually involves 

four major steps: 

 

1. The breakdown of the complex problem into a number of small constituent elements, and 

then structure the elements in the hierarchical form; 

2. The making of a series of pairwise comparisons from among the elements according to a 

ratio scale 1,3,5,7 and 9; 

3. The use of the eigenvalue method to estimate the relative weights of the elements; and 

4. The aggregate of these relative weights, which are then synthesised, for the final 

measurement of given decision alternatives. 

 

For additional information on AHP theory and practical applications of AHP, readers are 

referred to Saaty (1990; 1996), Hastak (1998), and Hastak and Halpin (1998). 

 

4.8.1 Developing a framework for IT project selection in construction 

 

The AHP requires a hierarchical framework of IT performance measurement criteria and sub-

criteria to be developed before the evaluation can take place. The AHP hierarchy of the IT 

performance criteria and sub-criteria can be industry specific, i.e. construction-, organisation- or 

project-specific. The following AHP hierarchy and hypothetical example illustrates how AHP 

could be employed by construction organisations to evaluate IT investments based on value and 

risk.  

 

The AHP hierarchy is composed of four levels. Level 1 is associated with the objective which is 

related to the projected outcome (the ranking of the various IT projects). This level ranks IT 

projects based on the weighted combination of value and risk scores obtained from Level 2.  

Level 2 consists of the two primary assessment drivers: value and risk. The value and risk 

drivers consist of a number of contributing criteria (IT perspectives), based on IE theory 

developed by Parker et al. (1988) (Level 3). Level 4 is divided into a series of identifiable sub-

criteria (IT indicators) extracted from the mainstream IT management literature (Ballantine et 

al. 1996; Delone and McLean, 1992; Parker et al. 1988; Parker, 1996; Saarinen, 1996). Figure 

4.5 illustrates the hierarchical nature of the proposed IT project selection framework. 
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The IT project selection framework, detailed in Figure 4.5, analyses 41 sub-criteria obtained 

from an extensive review of construction management, IT/IS management and information 

economics literature. The drivers, criteria and sub-criteria are related to each other, according to 

the hierarchy, but are independent of each other within their own level of the hierarchy. The 

following section presents a practical application for IT project(s) selection using the proposed 

framework and method. 

 

4.8.2 Application: IT project(s) selection using AHP 

 

The following hypothetical example compares four IT projects, proposed by an organisation, for 

the following financial year. The Investment Review Committee (IRC) could use the framework 

detailed in Figure 4.5, combined with the AHP method to select the most beneficial IT project 

based on a combination of value, risk and cost. Figure 4.6 details a structured procedure 

outlining the steps to undertake IT project selection using the proposed framework and method. 

Each step of the procedure is explained in detail in the following sections. This hypothetical 

application is detailed in Mohamed and Stewart (2001). 
 

(1) Establishing weights (pairwise comparison) 
 

The relative standing power of the criteria and sub-criteria, with respect to the projected 

outcome (ranking of the IT projects), could be assessed using the AHP pairwise comparison 

procedure. The fundamental scale detailed in Table 4.8 was developed by Saaty (1990) for 

making pairwise comparison judgements. Several commercial software packages are available 

to assist in conducting an AHP analysis, such as Expert Choice, Criterium and HIPRE3+.  
 

Table 4.8  Pairwise comparison scale (adapted from Saaty, 1990) 

Intensity of 
importance on 
an absolute scale 

Definition Explanation 

1 Equal importance Two indicators contribute equally to the objective 
3 Moderate importance of 

one over another 
Experience and judgement moderately favour one 
indicator over another 

5 Essential or strong 
importance 

Experience and judgement strongly favour one indicator 
over another 

7 Very strong importance An indicator is strongly favoured and its dominance 
demonstrated in practice 

9 Extreme Importance The evidence favouring one indicator over another is of 
the highest possible order of affirmation 

2,4,6,8 Intermediate values 
between the two 
adjacent judgements 

When compromise is needed 

Reciprocals Ratios arising from 
assigned ratings 

If indicator i has one of the above numbers assigned to it 
when compared with indicator j, then j has the reciprocal 
value when compared to i 

Rationales Ratios arising from the 
scale 

If consistency were to be forced by obtaining n numerical 
values to span the matrix 
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IT Project ProposalsIT Project Proposals

Establish Weights (Pairwise Comparison)
Use Saaty�s Scale (Table 4.8) for level 3 criteria (see
Table 4.9) and level 4 sub-criteria (see Table 4.10).
Use the eigenvalue method to calculate the relative

weights of each indicator (AHP)

Establish Weights (Pairwise Comparison)
Use Saaty�s Scale (Table 4.8) for level 3 criteria (see
Table 4.9) and level 4 sub-criteria (see Table 4.10).
Use the eigenvalue method to calculate the relative

weights of each indicator (AHP)

Value Assessment
Evaluate the degree of value added to the performance

indicators for each IT project (see Table 4.12)

Value Assessment
Evaluate the degree of value added to the performance

indicators for each IT project (see Table 4.12)

Risk Assessment
Evaluate the risk indicators effect on the IT project

considering probability and severity (see Table 4.13)

Risk Assessment
Evaluate the risk indicators effect on the IT project

considering probability and severity (see Table 4.13)

Normalise Overall Value Scores
Normalise overall value scores for each IT project
using an ascending rating scale (see Table 4.15)

Normalise Overall Value Scores
Normalise overall value scores for each IT project
using an ascending rating scale (see Table 4.15)

Nomalise Overall Risk Scores
Normalise overall risk scores for each IT project using

a descending rating scale (see Table 4.15)

Nomalise Overall Risk Scores
Normalise overall risk scores for each IT project using

a descending rating scale (see Table 4.15)

Total Benefit
Combine normalised value and risk scores to obtain the

total benefit of each IT project (see Table 4.15)

Total Benefit
Combine normalised value and risk scores to obtain the

total benefit of each IT project (see Table 4.15)

Benefit-Cost Ratio
Normalise costs and calculate the benefit-cost ratio of

each IT project. (see Table 4.15)

Benefit-Cost Ratio
Normalise costs and calculate the benefit-cost ratio of

each IT project. (see Table 4.15)

Select IT projects
Select a portfolio of IT project(s) to be implemented by

the organisation

Select IT projects
Select a portfolio of IT project(s) to be implemented by

the organisation

 
Figure 4.6  IT project selection flow chart using AHP 

 

Level 4 pairwise comparison establishes weights for each sub-criterion of the framework (Table 

4.10). Level 3 pairwise comparison looks at assessing the weights of the IE criteria, treating 

value and risk as separate hierarchical trees (Table 4.9). Abbreviations and numbers, detailed in 

the tables, represent criteria and sub-criteria, detailed in Figure 4.5. Level 2 comparison is made 

strictly by the IRC. At this level the IRC is concerned with the total value and total risk scores 

for each proposed IT project. The IRC must determine how value and risk contributes to the 

final goal to obtain the IT project(s) with the highest net benefit. In this example, the IRC has 

considered value and risk to be weighted evenly. At all levels of the hierarchy, expert judgement 

is required by the IRC to compare the relative importance of each objective of the framework.  

  

Table 4.9  Value and risk pairwise comparison matrices for level 3 

VALUE ROI SM MI CA SA Priority 
Vector  RISK OR DU TU IR Priority 

Vector 
ROI 1 3 4 2 3 0.396  OR 1 3

1  3
1  1 0.333 

SM 3
1  1 2 2

1  2 0.155  DU 3 1 2 2 0.167 

MI 4
1  2

1  1 3
1  2

1

 
0.078  TU 3 2

1  1 2 0.167 

CA 2
1  2 3 1 3 0.261  IR 1 2

1  2
1  1 0.333 

SA 3
1  2

1  2 3
1  1 0.110        
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Table 4.10 Value and risk pairwise comparison matrices for level 4 
VALUE PAIRWISE COMPARISON 
ROI 1 2 3 4 5 Priority 

Vector  CA 16 17 18 19 20 Priority 
Vector 

1 1 2 4 2 3 0.367  16 1 2 2 2 2
1  0.245 

2 2
1

 
1 2 2

1

 
2 0.181  17 2

1

 
1 2

1  2 2
1  0.141 

3 4
1

 
2

1  1 3
1

 
2

1  0.077  18 2
1

 
2 1 2 2

1  0.185 

4 2
1

 
2 3 1 2

1  0.199  19 2
1

 
2

1  2
1  1 2

1  0.107 

5 3
1

 
2

1  2 2 1 0.176  20 2 2 2 2 1 0.323 

SM 6 7 8 9 10 Priority 
Vector  SA 21 22 23 24 25 Priority 

Vector 

6 1 3
1  2

1

 
2

1

 
2

1  0.096  21 1 1 1 1 1 0.2 

7 3 1 2 2 3 0.366  22 1 1 1 1 1 0.2 
8 2 2

1  1 1 2 0.205  23 1 1 1 1 1 0.2 

9 2 2
1  1 1 2 0.205  24 1 1 1 1 1 0.2 

10 2 3
1  2

1

 
2

1

 
1 0.128  25 1 1 1 1 1 0.2 

MI 11 12 13 14 15 Priority 
Vector         

11 1 2
1  2 2 2

1  0.163         
12 2 1 2 2 1 0.283         

13 2
1

 
2

1  1 2 2
1  0.109         

14 2
1

 
2

1  2
1

 
1 2

1  0.163         

15 2 1 2 2 1 0.283         

 
RISK PAIRWISE COMPARISON 
OR 26 27 28 29 Priority 

Vector  TU 34 35 36 37 Priority 
Vector 

26 1 3
1  3

1  2 0.333  34 1 1 1 1 0.25 
27 3 1 2 2 0.167  35 1 1 1 1 0.25 
28 3 2

1  1 2 0.167  36 1 1 1 1 0.25 

29 1 2
1  2

1  1 0.333  37 1 1 1 1 0.25 

DU 30 31 32 33 Priority 
Vector  IR 38 39 40 41 Priority 

Vector 
30 1 1 2 2 0.333  38 1 2 2 1 0.340 
31 1 1 2 2 0.333  39 2

1  1 2 1 0.239 

32 2
1  2

1  1 1 0.167  40 2
1  2

1  1 2
1  0.140 

33 2
1  2

1  1 1 0.167  41 1 1 2 1 0.281 

 

(2) Evaluating IT projects 

 

When evaluating each project against the 41 sub-criteria, the IRC can assign a score from zero 

to ten, where ten represents the highest value or risk. The value and risk associated with each 

indicator is subjectively established using the predetermined scale 0-10, where 0 implies no 

value or risk and 10 implies maximum value or risk (Table 4.11). In the relative scale shown in 
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Table 4.11, value is defined as the predicted value added to the sub-criteria due to the 

implementation of the proposed IT project. Risk is defined as the product of probability of the 

event and the associated severity (loss), e.g. high, medium and low severity. The determination 

of value and risk is based on available information from the proposed IT projects and the 

foresight of the IRC. Since the model relies on the subjective assessment of value and risk 

indicators, it is important that the IRC provides input that is based on reliable sources and 

judgement. The subjective value and risk assessment and weight, associated with criteria and 

sub-criteria (established earlier using AHP), together provide the weighted aggregate value and 

risk for a particular IT project. The value and risk assessment scores are detailed in Tables 4.12 

and 4.13 respectively. 

 

Table 4.11  Value and risk assessment scale 

VALUE   
Degree of Value Definition Assessment 
No Value The IT project adds no value to the indicator 0 
Low Value The IT project adds little value to the indicator 3 

Moderate Value The IT project adds moderate value to the indicator 5 
High Value The IT project adds high value to the indicator 7 

Very High Value The IT project adds very high value to the indicator 10 
RISK   
Degree of Risk Definition (Pr. = Product of) Assessment 
No Risk Pr. (lowest probability of failure, lowest severity of failure) 0 
Low Risk Pr. (low probability of failure, low severity of failure) 3 

Moderate Risk Pr. (moderate probability of failure, moderate severity of failure) 5 
High Risk Pr. (moderate-high probability of failure, high severity of failure) 7 

Prohibitive Risk Pr. (high probability of failure, very high severity of failure) 10 
  
Table 4.12  Value assessment (0 lowest value and 10 highest value) 

ROI SM MI CA SA 

 1 2 3 4 5 6 7 8 9 10
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

24
 

25
 

P1 8 6 8 8 4 6 9 7 8 8 5 8 6 8 9 8 4 7 5 5 8 8 7 6 7

P2 6 6 8 8 6 6 8 6 8 8 5 8 6 8 8 7 5 7 5 5 7 8 8 6 7
P3 4 6 6 8 7 7 4 6 6 8 6 8 5 8 6 5 8 5 8 8 5 6 8 5 7

P4 4 4 4 6 7 7 4 6 6 8 6 8 5 8 6 5 8 5 8 8 5 6 8 5 5

 

Table 4.13  Risk assessment (0 lowest risk and 10 highest risk)  

OR DU TU IR 

 26
 

27
 

28
 

29
 

30
 

31
 

32
 

33
 

34
 

35
 

36
 

37
 

38
 

39
 

40
 

41
 

P1 6 3 7 8 8 8 8 8 6 7 2 8 6 4 5 6 

P2 6 3 6 7 5 8 7 7 6 7 2 7 6 4 4 5 
P3 4 3 5 5 5 8 7 6 4 6 2 5 6 4 3 4 

P4 4 3 5 5 5 8 7 6 4 6 2 5 6 4 3 4 
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Once the value and risk assessment of the proposed IT projects have been undertaken by the 

IRC, each IT project can be analysed for its value and risk, using the weighting established by 

pairwise comparison. Table 4.14 provides an example of the results calculated for the value 

component of Project 1. The table is composed of Level 3 criteria (IT perspectives) and Level 4 

sub-criteria (IT indicators). The weightings at Level 3 and Level 4 are derived by pairwise 

comparison and are denoted in brackets after each criteria and sub-criteria (i.e. L2: 0.261 

represents Level 2: Weighting 0.261). To obtain the weighted assessment for each IT indicator, 

its weighting from Level 3 is multiplied by the Level 4 weighting, and then multiplied by the 

value assessment score (e.g. 1. Technology Leadership weighted assessment = 0.261 × 0.245 × 

8 = 0.512). A total value score of �6.797� was obtained for project 1 by the summation of each 

indicator�s weighted assessment score. A value score of �6.797� signifies that the IT project adds 

moderate to high value to the organisation. Results are calculated and tabulated for value and 

risk in a similar fashion to Table 4.14 for each of the IT project alternatives. Once the value and 

risk results have been obtained for each IT project alternative, the final assessment of the project 

alternatives can be made.  

 

 

Table 4.14  Project 1 value analysis results 

Project 
Alt. 

Level 3 
Criteria: IT Perspectives 

Level 4 
Sub-criteria: IT Indicators 

Value 
Assessment 

Weighted 
Assessment 

Total Competitive Advantage (CA) (L3: 0.261)    1.679 
1. Technology Leadership (L4: 0.245)   8 0.512 
2. IT Specialist Activities (L4: 0.141)   6 0.221 
3. Strategic Value to Business (L4: 0.185)   8 0.386 
4. Research into Emerging Technologies (L4: 0.107)   8 0.223 

Competitive Advantage (CA) 
(L3: 0.261)   

5. Business Creation (L4: 0.323)   4 0.337 
Total Management Information (MI) (L3: 0.078)    0.619 

6. Information Quality  (L4: 0.163)   6 0.076 
7. Management Specifications (L4: 0.283)   9 0.199 
8. Administrative Specifications (L4: 0.109)   7 0.060 
9. Information Reliability (L4: 0.163)   8 0.107 

Management Information (MI) 
(L3: 0.078)   

10. IT Contribution to corporate requirements (L4: 0.283)   8 0.177 
Total Return on Investment (ROI) (L3: 0.396)    2.740 

11. Profitability and Growth (L4: 0.367)   5 0.727 
12. Shareholder Value (L4: 0.181)   8 0.573 
13. Business Value of IT Project (L4: 0.077)   6 0.183 
14. Operational Performance (L4: 0.199)   8 0.630 

Return on Investment (ROI)  
(L3: 0.396)   

15. Employee Productivity (L4: 0.176)   9 0.627 
Total Strategic IT Alignment (SA) (L3: 0.110)    0.638 

16. System Quality (L4: 0.200)   8 0.176 
17. IS Improvement (L4: 0.200)   4 0.088 
18. Efficiency Improvement (L4: 0.200)   7 0.154 
19. IT Training & Support (L4: 0.200)   5 0.110 

Strategic IT Alignment (SA)  
(L3: 0.110) 

20. Quality Improvements (L4: 0.200)   5 0.110 
Total Strategic Match (SM) (L3: 0.155)    1.125 

21. Operational Quality (L4: 0.096)   8 0.119 
22. Corporate Strategy Realised Through IT (L4: 0.366)   8 0.454 
23. IT Integration (L4: 0.205)   7 0.222 
24. Organisational Impact (L4: 0.205)   6 0.191 

Strategic Match (SM)  
(L3: 0.155) 

25. User/Customer Satisfaction (L4: 0.128)   7 0.139 

Pr
oj

ec
t 1

 

 Total Value: Project 1 6.797 
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(3) Total benefit and cost analysis 

 

Some reviewed IT projects may provide significant benefits to the organisation, but may be 

extremely expensive to implement. The last step to selecting IT projects that provides the 

greatest benefit to the organisation, at the least cost, is by undertaking benefit-cost analysis. 

Table 4.15 details a summary of value and risk scores for the proposed four IT projects. These 

scores are, firstly, normalised to enable the combination of value and risk. In this example, the 

IRC has decided that value (L2: 0.5) and risk (L2: 0.5) contribute evenly to the total benefit of 

the IT investment (i.e. net benefit = 0.5(normalised value) + 0.5(normalised risk)). Value is 

based on an ascending rating scale, where a score of 10 results in a high normalised value, while 

risk is based on a descending rating scale, where a score of 10 results in a low normalised risk. 

Net benefit is derived from the weighted average of normalised value and risk scores. Finally, 

IT project costs for each alternative are normalised and the benefit-cost ratio for each alternative 

is obtained. From Table 4.15 it can be seen that Project 4 has the highest benefit-cost ratio 

(1.443) and should be recommended for selection and implementation by the organisation. 

Figure 4.7 displays normalised net benefits and normalised costs for each IT project.  

 

4.8.3  Advantages and disadvantages of AHP method 

 

Ranking, scoring and AHP methods do not apply to problems having resource feasibility, 

optimisation requirements or project interdependence property constraints (Lee and Kim, 2001). 

In spite of this limitation, practitioners have used the AHP method with real problems, because 

of its simplicity and user-friendliness. Several commercial software packages are available to 

assist in conducting an AHP analysis, such as Expert Choice, Criterium and HIPRE3+. The 

user-friendliness of the AHP method allows complex problems to be structured in the form of a 

hierarchy, where each factor and alternative can be identified and evaluated with respect to 

other related factors. Several researchers, such as Hastak and Shaked (2000), have integrated 

multi-objective programming models using the AHP.  This depth of research, software support 

and user-friendliness makes the AHP method very attractive for widespread implementation 

within the construction industry for IT investment appraisal. 

 

Table 4.15  Value/risk and benefit-cost analysis table 
Alternative Project 

Value 
(L2: 0.5) 

Normalised 
Value 

(L2: 0.5) 

Project 
Risk 

(L2: 0.5) 

Normalised 
Risk 

(L2:  0.5) 

NET 
BENEFIT 

(L1:  1) 

Cost $ Normalised 
Cost 

Benefit-
Cost 
Ratio 

Project 1 6.797 0.260 6.311 0.203 0.231 300,000 0.261 0.885 
Project 2 6.751 0.258 5.643 0.239 0.249 250,000 0.217 1.147 
Project 3 6.421 0.246 4.938 0.279 0.263 400,000 0.348 0.755 
Project 4 6.162 0.236 4.938 0.279 0.257 200,000 0.174 1.443 
TOTAL 26.131 1 21.830 1 1 1,150,000 1  
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Figure 4.7  Normalised net benefit and costs  

 

4.9 Utility Theory 

 

Nowadays, Multi-Criterion Decision-Making (MCDM) methods are gaining importance, due to 

their inherent ability to judge different alternative scenarios for possible selection of the best 

alternative, which may be further analysed in depth for its final implementation. As a 

consequence, many models and methods of MCDM have been developed for numerous 

applications (see for example, Choo et al. 1999; Raveh, 2000). The selection of innovative IT 

projects by an organisation is also a decision characterised by multiple objectives. Naturally, 

organisations seek to employ IT projects that provide the most �business value� at the lowest 

possible �risk�. Projects, which usually offer the highest potential �business value�, usually also 

have a much higher risk of failure. On the other hand, employing existing technology, which has 

a proven success in other organisations, may have moderate �business value� benefits, but have 

a considerably lower risk of failure.  
 

4.9.1 Multi-Attribute Utility Theory (MAUT) 

 

Multi-Attribute Utility Theory (MAUT) takes into consideration the decision-maker�s 

preferences in the form of a utility function, which is defined over a set of criteria (Goicoechea 
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et al., 1982). Utility is a measure of desirability or satisfaction, and it provides a uniform scale 

to compare and/or combine tangible and intangible criteria (Ang and Tang, 1984). A utility 

function is a device which quantifies the preferences of a decision-maker by assigning a 

numerical index to varying levels of satisfaction for a criterion (Mustafa and Ryan, 1990). 

 

A utility value is an abstract equivalent of the abstract being considered from natural units, such 

as years, or $, into a series of commensurable units (utiles) on an interval scale of zero (0) to 

one (1). Such transformation of value, may, or may not be, a linear function � this is primarily 

dependent upon the decision-maker(s) or expert(s) from which such functions were derived. 

Theoretically, decision-makers comprise three types: risk averse, risk neutral and risk prone 

(seeking), as shown in Figure 4.8, where the natural unit (Xi) has utility values in the ranges: 

risk averse - zero to 0.2; risk neutral - 0.6; risk seeking - 0.9 to 1.0  (Holt, 1998). The decision-

maker�s risk attitude, being reflected in the shape of the utility curve, combines the decision-

maker�s preference attitudes, i.e. increasing or decreasing utility, with increasing xi.  
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Figure 4.8  Characteristic utility curves (Holt, 1998) 
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4.9.2 Multi-attribute additive utility function 

 

All decisions involve choosing one, or a few, from several alternatives. Typically, each 

alternative is assessed for desirability on a number of scored criteria. What connects the criteria 

scores with desirability is the utility function. The most common formulation of a multi-

attribute utility function is the additive model (Keeney and Raiffa, 1993): 

 

Ui > WjUij  for all i,       (4.7) 

 

Where 

Ui    is the overall utility value of alternative i 

Wj   is the relative weight of the jth criterion 

Uij   equals uij(Xi), for 1 ≥ i ≥ n  and  1 ≥ j ≥ m 

uij   is the utility value of the jth criterion for the ith alternative 

Xi   equals (xij), for 1 ≥ i ≥ n  and  1 ≥ j ≥ m, Xi designates a specific value of xij 

n   is the total number of alternatives 

m is the total number of alternatives 

 

The advantage of the additive form is its simplicity. In order to determine the overall utility 

function for any alternative, a decision-maker needs only to determine n uni-dimensional utility 

functions for that alternative.  

 

MAUT generally combines the main advantages of simple scoring techniques and optimisation 

models. Further, in situations in which satisfaction is uncertain, utility functions have the 

property that expected utility could be used as a guide to rational decision-making. To illustrate 

the use of MAUT in IT project selection, the next section demonstrates the development of an 

additive model through a hypothetical case study. 

  

4.9.3 Application: IT project selection using MAUT 

 

A large multi-disciplinary organisation is seeking to adopt a new IT project to improve an 

existing process within the organisation. The general manager invited business-unit managers to 

propose one or more new IT project(s) they wish to implement, to automate or re-engineer the 

process under investigation. As a result, four IT projects (A, B, C, D) were proposed and 

detailed business cases on the projects were provided. The IT project costs are detailed in Table 

4.16.  
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Table 4.16  Estimated IT projects cost over implementation period 

IT Project   
A B C D 

Implementation strategy report ($) 2,000 2,000 2,000 2,000 
Project design ($) 45,000 40,000 60,000 55,000 
Project implementation ($) 450,000 580,000 300,000 400,000 
Training and support ($) 100,000 120,000 180,000 100,000 
Maintenance ($) 50,000 120,000 200,000 75,000 
Total project cost ($) 647,000 862,000 942,000 632,000 

 

The nature of IT projects means that total cost is only one criterion for selection. A whole series 

of Project Selection Criteria (PSC), based on �business value� and �risk�, needs to be 

established. The benefit, cost and risk information for each proposed project should be analysed 

and assessed in detail. Each project should have a business case developed that provides the 

sponsor�s justification for its �business value�. Further, the business case should identify the 

organisational needs that the project is meeting or proposes to meet; provide information on the 

benefits, costs and risks of the project; and establish proposed project development time frames 

and delivery schedules. The information in the business case should be continuously updated to 

ensure that it always reflects the current situation. This application is further detailed in Stewart 

and Mohamed (2002). 
 

(a) Project Selection Criteria (PSC) 
 

To determine the value of IT investments, according to business priorities, organisations can use 

the IE approach to go beyond traditional NPV and ROI analysis methods. These two particular 

methods have been greatly discredited in evaluating investments in IT projects (Love et al., 

2000). IE still, however, recognises the return on investment factor, but only as part of a much 

wider perspective; one which allows organisations to swerve away from only considering the 

tangible benefits. IE is based upon the concepts of value and two-domain analysis. Value is the 

contribution of technology, to enable the success of the business unit. Two-domain analysis 

segments organisations into business and technology domains, to assess the impact of 

technology and innovation on each domain (Parker et al., 1988). Indeed, IE provides the means 

to analyse and select IT investments that contribute to organisational performance, based upon 

business value and risk to the organisation. This is done using the following business and 

technology domain factors detailed previously, viz.: ROI, SM, CA, SA, OR, DU, TU, and IR. 

 

Additionally, IE examines, separately, the value and risk that technology contributes to the 

business and technology domains, providing a more accurate assessment of the impacts of the 

investment. Figure 4.9 illustrates the hierarchical nature of the proposed project selection 

framework. The framework is composed of the following four levels:  
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Level 1 is associated with the objective, which is related to the projected outcome (the ranking 

of the proposed various IT projects). This level ranks projects based on the weighted 

combination of the value and risk utility values obtained from Level 2. Level 2 consists of the 

two primary assessment drivers: value and risk. The value and risk drivers consist of eight main 

contributing criteria which are based on the IE theory (Level 3). Level 4 is divided into a total of 

27 identifiable sub-criteria extracted from the mainstream IT management literature (Parker et 

al. 1988, Delone and McLean, 1992, Ballantine et al. 1996, Parker, 1996, Saarinen, 1996; Irani 

et al. 1997, Teebe, 1999). It is worth noting that the adopted list of criteria and sub-criteria is not 

necessarily exhaustive; rather, it is intended to demonstrate the application of the proposed 

method. For example, if the project selection is totally based on perceived strategic value, the 

ROI factor can be ignored. Ideally, criteria and sub-criteria need to be developed individually by 

organisations to encompass their specific goals and objectives.  

 

(b) Assessment of relative weights 

 

To accommodate the needs of the organisation, relative weights need to be assigned to the main 

criteria, by first ranking the criteria in order of importance. Then a relative weighting is applied 

on a scale of 0 to 1 (Table 4.17) in such a way that the weights add to unity (Keeney and Raiffa, 

1993). The relative weights of the sub-criteria are then applied using the same procedure, see 

Table 4.18. The overall weights or scaling factors, of all the criteria in this case study are shown 

in a hierarchical structure in Figure 4.9. The reader is referred to the analytic hierarchy process 

(Saaty, 1990) for more information on establishing relative weights. To allow for the 

uncertainty element usually associated with ranking criteria, more flexibility and subjectivity 

can be achieved through the application of advanced techniques (e.g. fuzzy logic) to rank the 

criteria under investigation. 

 

(c) Scores of criteria 

 

Some criteria are tangible in nature, allowing practitioners to use a quantitative approach, e.g. 

calculating the Return on Investment ROI of a technology project. However, most of the criteria 

are intangible in nature and involve some degree of subjective assessment. To overcome this 

subjective assessment, a point score system of 0-20 has been used in the example (see Table 

4.19). This 20-point scale is a valid choice for a scale as it has been successfully demonstrated 

in numerous statistical applications (Spiegal, 1980). It is flexible in differentiating between 

different levels of value-adding or risk intensity, as well as allowing utility curves to be 

constructed. 
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Table 4.17  Weights for the main criteria of the case study  

Main Criteria VALUE (0.5) RISK (0.5) 
Sub-Criteria ROI SM CA SA OR DU TU IR 
Weight 0.5 0.15 0.2 0.15 0.3 0.2 0.2 0.3 

 

 

Table 4.18  Relative weights of sub-criteria for the case study  

VALUE (0.5)  RISK (0.5) 
   

Return on Investment (ROI) (0.5)  Organisational Risk (OR) (0.3) 
         

(1)  
Profitability and 

growth (0.3) 

(2)  
Shareholder value  

(0.3) 

(3)  
Business value of 
technology project  

(0.4) 

 (16)  
Lack of 

appropriate 
skills  
(0.25) 

(17)  
Lack of 

leadership  
(0.25) 

(18)  
Lack of 
resource 

commitment  
(0.25) 

(19) 
Implementati
on capability  

(0.25) 

         

Strategic Match (SM) (0.15)  Definitional Uncertainty Risk (DU) (0.2) 
         

(4)  
Corporate strategy 
realised through 

technology  
(0.3) 

(5)  
Organisational 
requirements  

(0.3) 

(6)  
Organisational impact  

(0.4) 

 (20)  
Goals and 
objectives 
uncertainty 

 (0.4) 

(21)  
IT  project 

deliverables  
(0.3) 

(22)  
IT project 
timeframe 

 (0.3) 

         

Competitive Advantage (CA) (0.2)  Technical Uncertainty Risk (TU) (0.2) 
         

(7)  
Market 

leadership  
(0.2) 

(8)  
Business 

process re-
engineering  

(0.2) 

(9)  
Strategic 
value to 
business  

(0.3) 

(10)  
Business creation  

(0.3) 

 (23)  
Innovative 

technology risk  
(0.4) 

(24)  
Technical support 

uncertainty  
(0.3) 

(25)  
Technical 
suitability 
uncertainty 

 (0.3) 
         

Strategic Architecture Alignment (SA) (0.15)  Technology Infrastructure Risk (IR) (0.3) 
         

(11)  
Technology 
integration  

(0.2) 

(12)  
Efficiency 
improve 

ment  
(0.2) 

(13)  
Training 

and 
support  

(0.2) 

(14)  
User 

satisfaction 
(0.2) 

(15)  
Quality 

improvem
ent (0.2) 

 (26)  
Management commitment  

(0.5) 

(27)  
Infrastructure requirements 

 (0.5) 
 
 

         

 

 

Table 4.19 Value and risk assessment scale  

VALUE   
Degree of Value Definition Assessment 
No Value The IT project adds no value to the sub-criteria 0 - 4 
Low Value The IT project adds little value to the sub-criteria 5 - 8 

Moderate Value The IT project adds moderate value to the sub-criteria 9 - 12 
High Value The IT project adds high value to the sub-criteria 13 - 16 

Very High Value The IT project adds very high value to the sub-criteria 17 - 20 
RISK   
Degree of Risk Definition (Pr. = Product of) Assessment 
No Risk Pr. (lowest probability of failure, lowest severity of failure) 17 - 20 
Low Risk Pr. (low probability of failure, low severity of failure) 13 - 16 

Moderate Risk Pr. (moderate probability of failure, moderate severity of failure) 9 - 12 
High Risk Pr. (moderate-high probability of failure, high severity of failure) 5 - 8 

Prohibitive Risk Pr. (high probability of failure, very high severity of failure) 0 - 4 
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In the relative scale shown in Table 4.19, value is defined as the predicted value added to the 

sub-criteria due to the implementation of the technology project. Risk is defined as the product 

of probability of the event and the associated severity (loss), such as high, medium and low 

severity. The determination of value and risk is based on the available information for the 

proposed technology project. Since the model relies on a subjective assessment of value and risk 

sub-criteria, it is important that scores are based on reliable sources and judgement. Tables 4.20 

and 4.21 show example scores for the 27 sub-criteria for value and risk respectively, for each of 

the proposed IT projects.  

 

Table 4.20  �Value� criteria scores for the four IT projects  

Value Assessment Level 3 
Value Criteria (0.5) 

Level 4 
 Value Sub-criteria Project 

A 
Project 

B 
Project 

C 
Project 

D 
     

1. Profitability and growth [L4: 0.075]   6 12 14 8 
2. Shareholder value [L4: 0.075]  6 14 10 8 Return on Investment (ROI)  

(L3: 0.5) 
3. Business value of technology project  [L4: 0.1]   10 18 14 12 

     
4. Corporate strategy realised through tech.  [L4: 0.0225]   18 15 8 10 
5. Organisational requirements [L4: 0.0225]   16 18 8 12 Strategic Match (SM)  

(L3: 0.15) 
6. Organisational impact [L4: 0.03]   13 14 10 18 

     
7. Market leadership [L4: 0.02]   8 19 14 12 
8. Business process re-engineering [L4: 0.02]   8 16 12 10 
9. Strategic value to business [L4: 0.03]   12 16 14 10 

Competitive Advantage (CA)  
(L3: 0.2) 

10. Business opportunities [L4: 0.03]   12 16 18 10 
     

11. Technology integration [L4: 0.015]   6 8 7 6 
12. Efficiency improvement [L4: 0.015]   18 12 12 14 
13. Training and support [L4: 0.015]   12 14 10 16 
14. User satisfaction [L4: 0.015]   17 15 14 12 

Strategic Architectural Alignment 
(SA) (L3: 0.15) 

15. Quality improvements [L4: 0.015]   12 16 14 17 
      
 
 

Table 4.21  �Risk� criteria scores for the four IT projects 

Risk Assessment Level 3 
Risk Criteria (0.5) 

Level 4 
 Risk Sub-criteria Project 

A 
Project 

B 
Project 

C 
Project 

D 
     

16. Lack of appropriate skills [L4: 0.0375]   18 15 14 18 
17. Lack of leadership [L4: 0.0375]  18 16 8 10 
18. Lack of resource commitment  [L4: 0.0375]   12 16 14 14 

Organisational Risk (OR)  
(L3: 0.3) 

19. Implementation capability [L4: 0.0375]   10 12 18 19 
     

20. Goals and objectives uncertainty [L4: 0.04]   9 15 14 16 
21. IT project deliverables [L4: 0.03]   14 15 18 18 

Definitional Uncertainty Risk (DU) 
(L3: 0.2) 

22. IT project timeframe [L4: 0.03]   14 17 17 18 
     

23. Innovative technology risk [L4: 0.04]   6 14 15 16 
24. Technical support uncertainty [L4: 0.03]   11 16 14 19 Technical Uncertainty Risk (TU) 

(L3: 0.2) 
25. Technical suitability uncertainty [L4: 0.03]   10 16 14 18 

     
26. Management commitment [L4: 0.075]   12 18 19 15 Technology Infrastructure Risk (IR) 

(L3: 0.3) 27. Infrastructure requirements [L4: 0.075]   12 18 16 13 
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(d) Determination of utility functions 

 

Utility functions can be developed by a technique known as �standard gambling�. For the 

construction of the utility functions in this example, the decision-maker�s preferences for 

gambles are analysed by the method suggested by Keeney and Raiffa (1993).  

 

The first step involves the identification of the best and worst outcomes (sub-criteria scores) for 

each one of the sub-criteria. The decision-maker is free to set these utility values at any level, 

provided the best outcome has the higher value. The usual method is to assign the worst 

outcome a utility value of zero and the best outcome a utility value of unity. This establishes the 

range of utility values to range from 0 to 1, the worst and the best possible outcomes, 

respectively. To determine the utility of the immediate values, the decision-maker is offered the 

following options. 

 

1. Certain option: in this case the decision-maker is offered a certain outcome with a 

probability p = 1. 

2. Risk option: in this case the decision-maker is offered a probabilistic outcome in the form of 

a gamble, in which the decision-maker either receives the best outcome, with a probability 

p, or the worst outcome, with a probability of 1 � p. 

 

The following is an example of how the utility values for criterion (6) organisational impact, 

with a relative weight of 3% or 0.03 (see Figure 4.9), are obtained and from which a utility 

curve is established. 

 

For criterion (6): organisational impact, the scores of the four projects are shown in Table 4.22. 

The first step is to identify the best and worst outcomes for this criterion and assign arbitrary 

utility values of 1 for the best outcome (Project D with 18 points) and 0 for the worst outcome 

(Project C with 10 points), as shown in Table 4.23. The utility of the intermediate values is then 

determined by offering the decision-maker a choice between the following lotteries (see Figure 

4.10). 

 

Lottery 1: go to route R1 for a certain consequence of 13 points for the organisational 

impact criterion. 

 

Lottery 2: go to route R2 for either a best consequence of 18 points (project D), with a 

probability of p, or a worst consequence of 10 points (project C), with a 

probability of 1 - p. 
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Table 4.22  Project scores for criterion (6) organisational impact  

IT project A B C D 
Organisational impact scores (points) 13 14 10 18 

 

Table 4.23  Utility values for the best and worst outcomes for criterion (6) 

  IT Project 
 D C 
Organisational impact scores (points) 18 10 
Utility value 1 0 

 

 

Decision 
node

Chance 
node

R2

R1
P = 1

1 - P

P = ?
18 points U = 1

10 points U = 0

13 points U = ?
16 points
15 points

C

D

 
Figure 4.10  Pair of lotteries for Criterion (6) organisational impact 

 

For the decision-maker to choose from the two routes, the utility value of the 13-point score 

must be assessed and compared with the expected utility of the risk option. What utility value 

should the decision-maker assign to the certain outcome of the 13-point score? To do this the 

decision-maker determines a relative preference for a 13-point consequence by finding the 

probability p for the best outcome (18 point score; see Figure 4.10), to which the decision-

maker is indifferent, between the certain route R1, for a 13-point outcome, and the gamble route 

R2, for the two possible outcomes of 18 and 10 points. 

 

Suppose, after some mental trial and error, the decision-maker judges the indifference 

probability to be p = 0.4, i.e. representing the indifference between a certain 13-point outcome 

and a 50-50 risk between 18 and 10 points. This indifference (at p = 0.4) allows the utility value 

Lifecycle Management of IT Projects in Construction  



Chapter 4: Critical Review of Investment Appraisal Techniques  4-42 

of 13 points, i.e. U(13), to be found from the principle of expected values (Speigel, 1980) and 

from probability theory. The expected utility from route R2 of the 50-50 gamble is p × (utility of 

the best outcome score) + (1 � p) × (utility of worst outcome), i.e. 0.4U(18) + (1 � 0.4)U(10) = 

0.4(1) + 0.6(0) = 0.4. Since the decision-maker is indifferent between 13 points for certain and 

this gamble, the alternatives have the same utility value, that is U(13) = 0.4. 

 

This procedure can be used for any scores between 10 and 18 - the more utility values obtained, 

the better the utility curve appears to be. Table 4.24 summarises the utility values obtained for 

different scores of criterion (6) organisational impact and Figure 4.11 shows the resulting utility 

curve, in which the criteria scores are plotted against the utility values. Once the utility, or 

preference, curve for this specific decision-maker is constructed, the utility value for any score 

between 10 and 18 points can be interpolated directly from the curve. This procedure was 

applied for each criterion and the utility values were obtained in this way for the whole criteria 

set. Table 4.25 summarises the utility values obtained in this way for the whole criteria set. 
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1.0
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0.4

0.2
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i ty
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Figure 4.11  Utility curve for criterion (6) 

 

Table 4.24  Utility values for different scores for criterion (6)  

 IT Project 
 A B C D 
Score (points) 13 14 10 18 
Utility value 0.4 0.45 0 1 
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Table 4.25  Utility values for the four projects as assigned by Mr Jukes 

 IT Project 
 A B C D 
1.   Profitability and growth 0 0.9 1 0.4 
2.   Shareholder value 0 1 0.7 0.4 
3.   Business value of technology project 0 1 0.5 0.3 
4.   Corporate strategy realised 1 0.8 0 0.3 
5.   Organisational requirements 0.9 1 0 0.4 
6.   Organisational impact 0.4 0.45 0 1 
7.   Market leadership 0 1 0.6 0.3 
8.   Business process re-engineering 0 1 0.5 0.3 
9.   Strategic value to business 0.4 1 0.8 0 
10. Business opportunities 0.3 0.8 1 0 
11. Technology integration 0 1 0.5 0 
12. Efficiency improvement 1 0 0 0.2 
13. Training and support 0.3 0.6 0 1 
14. User satisfaction 1 0.5 0.3 0 
15. Quality improvements 0 0.9 0.5 1 
16. Lack of appropriate skills 1 0.3 0 1 
17. Lack of leadership 1 0.8 0 0.2 
18. Lack of resource commitment 0 1 0.5 0.5 
19. Implementation capability 0 0.2 0.9 1 
20. Goals and objectives uncertainty 0 0.9 0.8 1 
21. Technology project deliverables 0 0.3 1 1 
22. Technology project timeframe 0 0.7 0.7 1 
23. Innovative technology risk 0 0.8 0.9 1 
24. Technical support uncertainty 0 0.7 0.4 1 
25. Technical suitability uncertainty 0 0.7 0.5 1 
26. Resource commitment 0 0.9 1 0.4 
27. Infrastructure requirements 0 1 0.6 0.2 

 

(e) Selection of the best IT project 

 

All the elements needed for the selection of the best IT project are known: the list of criteria 

defined; the scores of the project�s performance in these criteria have been assigned; the relative 

weights of the criteria have been determined; and the utility values of the decision-maker for 

these criteria have been defined and drawn. 

 

The next step is to determine the overall utility of each IT project. This approach is shown in 

Table 4.26 for one decision-maker using the additive model. It can be clearly seen that project 

B has the highest utility of (0.804) and is, therefore, considered the best IT project for 

implementation. Table 4.27 shows the overall utility values for the four IT projects by the four 

decision-makers used in this case study.  The overall utility values of other decision-makers 

confirmed project B as having the highest overall utility value and therefore to be ranked first.  
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Table 4.26 Overall utility values for Mr Jukes 

 IT Project 
 A B C D 
1.   Profitability and growth 0 × 0.075 0.9 × 0.075 1 × 0.075 0.4 × 0.075 
2.   Shareholder value 0 × 0.075 1 × 0.075 0.7 × 0.075 0.4 × 0.075 
3.   Business value of tech. project 0 × 0.1 1 × 0.1 0.5 × 0.1 0.3 × 0.1 
4.   Corporate strategy realised 1 × 0.0225 0.8 × 0.0225 0 × 0.0225 0.3 × 0.0225 
5.   Organisational requirements 0.9 × 0.0225 1 × 0.0225 0 × 0.0225 0.4 × 0.0225 
6.   Organisational impact 0.4 × 0.03 0.45 × 0.03 0 × 0.03 1 × 0.03 
7.   Market leadership 0 × 0.02 1 × 0.02 0.6 × 0.02 0.3 × 0.02 
8.   Business process re-engineering 0 × 0.02 1 × 0.02 0.5 × 0.02 0.3 × 0.02 
9.   Strategic value to business 0.4 × 0.03 1 × 0.03 0.8 × 0.03 0 × 0.03 
10. Business opportunities 0.3 × 0.03 0.8 × 0.03 1 × 0.03 0 × 0.03 
11. Technology integration 0 × 0.015 1 × 0.015 0.5 × 0.015 0 × 0.015 
12. Efficiency improvement  1 × 0.015 0 × 0.015 0 × 0.015 0.2 × 0.015 
13. Training and support 0.3 × 0.015 0.6 × 0.015 0 × 0.015 1 × 0.015 
14. User satisfaction 1 × 0.015 0.5 × 0.015 0.3 × 0.015 0 × 0.015 
15. Quality improvements 0 × 0.015 0.9 × 0.015 0.5 × 0.015 1 × 0.015 
16. Lack of appropriate skills 1 × 0.0375 0.3 × 0.0375 0 × 0.0375 1 × 0.0375 
17. Lack of leadership 1 × 0.0375 0.8 × 0.0375 0 × 0.0375 0.2 × 0.0375 
18. Lack of resource commitment 0 × 0.0375 1 × 0.0375 0.5 × 0.0375 0.5 × 0.0375 
19. Implementation capability 0 × 0.0375 0.2 × 0.0375 0.9 × 0.0375 1 × 0.0375 
20. Goals and objectives uncertainty 0 × 0.04 0.9 × 0.04 0.8 × 0.04 1 × 0.04 
21. Technology project deliverables 0 × 0.03 0.3 × 0.03 1 × 0.03 1 × 0.03 
22. Technology project timeframe 0 × 0.03 0.7 × 0.03 0.7 × 0.03 1 × 0.03 
23. Innovative technology risk 0 × 0.04 0.8 × 0.04 0.9 × 0.04 1 × 0.04 
24. Technical support uncertainty 0 × 0.03 0.7 × 0.03 0.4 × 0.03 1 × 0.03 
25. Technical suitability uncertainty 0 × 0.03 0.7 × 0.03 0.5 × 0.03 1 × 0.03 
26. Resource commitment  0 × 0.075 0.9 × 0.075 1 × 0.075 0.4 × 0.075 
27. Infrastructure requirements 0 × 0.075 1 × 0.075 0.6 × 0.075 0.2 × 0.075 
     
Overall utility 0.185 0.804 0.592 0.527 

 

Table 4.27 Overall utility and ranking of IT projects 

 IT Project 
Interviewee A D C D 
A. Jukes 0.185 0.804 0.592 0.527 
D. Johnston 0.186 0.838 0.652 0.539 
A. McCowan 0.184 0.860 0.670 0.522 
Z. Xueqing 0.203 0.814 0.633 0.672 
Rank Order 4 1 2 3 

 
 
4.9.4 Advantages and disadvantages of MAUT 

 

Keeney and von Winterfeldt (1994) provide arguments for MAUT�s validity, while Clemons 

(1991) discusses its limitations. In particular, the objectives chosen for direct evaluation (sub-

criteria in the example) must be fundamental and not means objectives (Keeney, 1981; Gregory 

and Keeney, 1994; Accorsi et al., 1999).  
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Fortunately, it seems that little is lost in retaining the assumption of additivity, particularly when 

outcomes are deterministic. Any modelling imprecisions are likely to be outweighed by the high 

degree of imprecision in measuring ui(zi) and wi (Stewart, 1992). Provided that adequate care is 

taken in capturing non-linearities in the ui(zi), and in ensuring that the importance weights wi are 

assessed in the proper context, the MAUT  additive model can be used successfully (Stewart, 

1992). This form of additive model is well justified theoretically, and is easily understood, in 

that the connections between the inputs provided by the decision-maker and the outputs 

obtained are not hidden behind a screen of complex mathematical manipulation. Belton and 

Vickers (1990) give a useful description of the practicalities of this approach, with reference to 

the sensitivity analysis, which should accompany it.   

 

4.10 Fuzzy Logic Process (Possibility Theory) 

 

Since Zadeh (1965) introduced the concept of a fuzzy set, it has been employed in numerous 

areas. Fuzzy set theory has been described as one of the most successful multi-attribute decision 

making methods (MCDM), applied to a wide range of applications. The expert�s empirical 

knowledge is generally expressed in language containing ambiguous or vague descriptions. The 

use of fuzzy sets provides a very powerful tool for extending the capability of binary logic in 

ways that enable a much better representation of this knowledge. In fuzzy set terms, each 

alternative would have some degree of membership µi(zi) in the fuzzy set of good (or acceptable 

or satisfactory) solutions for each criterion, taken in turn. The alternative�s membership in the 

fuzzy intersection of all these sub-criterion fuzzy sets then indicates the strength of its claim of 

being good (or acceptable or satisfactory) overall. In fact, we might well then rank order 

alternatives according to the degree of membership in the fuzzy intersection.  

 

4.10.1 Triangular fuzzy numbers 

 

A fuzzy number is a convex fuzzy set (Zadeh, 1965), characterised by a given interval of real 

numbers, each with a grade of membership between 0 and 1. Its membership function is 

piecewise continuous, and satisfies the following conditions: 

 

(a) µA(x) = 0 for each x ∈  (-∞, a1] ∪  [a4,+ ∞) 

(b) µA(x) is non-decreasing on [a1,a2] and non-increasing on [a3,a4]   

(c) µA(x) = 1, for each x ∈  [a2,a3] 

 

Where a1  ≤  a2 ≤  a3  ≤ a4 are real numbers in the real line R. 
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Triangular fuzzy numbers are a special case of fuzzy number, defined by three real numbers, 

often expressed as (a1,a2,a3). Their membership functions are usually described as: 
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where the fuzzy number A, and a1 and a3 are the lower and upper bounds, respectively, which 

are often used to illustrate the fuzziness of the data evaluated. 

 

Let A = (a1,a2,a3) and B = (b1,b2,b3) be two positive triangular fuzzy numbers. The basic fuzzy 

arithmetic operations on these fuzzy numbers are defined as: 

 

(a) Inverse 
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(b) Addition 
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(c) Subtraction 
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(d) Scalar multiplication 

),,(,,0
),,(,,0

123

321

kakakakARkk
kakakakARkk

=∈<∀
=∈>∀

      (4.12) 

(e) Multiplication 

),,( 332211 bababaAB =         (4.13) 

(f) Division 
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Fuzzy numbers are intuitively easy to use in expressing the decision-makers qualitative 

assessments (Mon et al., 1994; Triantaphyllou and Lin, 1996).  

 

4.10.2 Fuzzy synthetic extent analysis 

 

Assume that X = {x1,x2,�,xn} is an object set, and U = {u1, u2,�,um] is a goal set. According to 

the method of fuzzy extent analysis (Chang, 1996), fuzzy extent analysis can be performed with 
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respect to each object for each goal, respectively, resulting in m extent analysis values for each 

object, given as  where all are fuzzy 

numbers representing the performance of the object x

,,...,2,1,,, 21 nim
iii =µµµ ),...,2,1;,...,2,1( mjnij

i ==µ

i with regard to each goal uj. 

 

By using fuzzy synthetic extent analysis, the value of fuzzy synthetic extent, with respect to the 

ith object xi (i=1,2,�,n) that represents the overall performance of the object across all goals 

involved, can be determined by: 

 

niS n

i

m

j
j

i

m

j
j

i
i ,...,2,1,

1 1

1 ==
∑ ∑
∑
= =

=

µ

µ
      (4.15) 

 

Fuzzy logic is an effective tool for IT investment appraisal in construction. Chapter 5 details 

the proposed structured method for IT project(s) selection in construction using the detailed 

fuzzy logic theory detailed above. 

 

4.10.3 Advantages and disadvantages of fuzzy logic (possibility theory) 

 

There are, however, two practical problems associated with the fuzzy logic approach. The first 

problem relates to the assessment of the membership functions µi(zi). In principle this should 

represent the extent to which an attribute value of zi satisfies achievement of criterion i. 

Operational procedures for assessing this are poorly identified in the literature, if at all; and 

where defined, it is difficult to see that the decision-maker would understand what is required in 

terms of anything other than those of value functions (Stewart and Mohamed, 2001). Reported 

applications of fuzzy sets to MCDM problems tend to propose rather ad hoc measures for µi(zi), 

such as the linear function increasing from 0 to1 over some range of values (Tapia and Murtagh, 

1991). The algorithmic effect of such functions is no different to that of value functions or of 

achievement or scalarizing functions in goal programming. However, it is without the advantage 

afforded by the discipline, especially of value function theory, of special behavioural 

assumptions regarding the decision-makers preferences, which can be checked. 

 

Secondly, the definition of the fuzzy intersection itself is not without argument (Stewart and 

Mohamed, 2001). The original Zadeh definition requires that the fuzzy intersection of degrees 

of achievement, on two criteria i and k, be given by the fuzzy set with the membership function 

Min{µi(zi), µk(zk)}. Zimmermann and Zysno (1979) have shown that the human preferences are 

considerably more complex than this representation indicates. In any case, on prima facie 
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grounds, the Min function seems an unlikely candidate for MCDM at least, as it allows no 

compensation between criteria. Alternative representations of the fuzzy intersection have been 

suggested, such as the product µi(zi)•  µk(zk), but these too are ad hoc, and not clearly grounded 

in specific and testable behavioural assumptions.  

 

Attempts to apply fuzzy set theory to MCDM in any operational manner leads to models which 

are effectively either goal programming or value function models. However, with the inputs 

required from the decision-maker obscured behind a language, which may seem more �natural�, 

but which gives greater scope for misunderstanding, between analyst and decision-maker, than 

the simple clear-cut language of goal levels, aspiration levels, trade-offs, or relative values. It is 

of little concern to practical goal programming or value function analysis that the decision-

maker may be imprecise in specifying the necessary inputs; these are easily handled by relative 

sensitivity analyses. 

 
4.11 Strengths, Weaknesses, Opportunities and Threats (SWOT) 

 

A SWOT analysis is one way to identify goals (Davies, 1997). Strengths/Weaknesses and 

Opportunities/Threats are the positive and negative pairs. Construction organisations have to 

build on their strengths, and perceive and take opportunities while at the same time countering 

weaknesses and threats. The threat for the construction industry is that it sets a moving target of 

IT capability without wanting to meet its costs (Davies, 1997). The opportunity lies in the fact 

that only a few construction organisations will be at the leading edge and so they will secure the 

key projects. IT could help construction organisations to overcome technical weaknesses and 

liability, as well as and reduce staff numbers and premise costs. However, it could also increase 

the exposure to fixed capital costs in a cyclical business. IT could increase the success of 

integrated practice or it could make it easier for separate organisations. It is perceived that the 

likelihood is that IT can achieve what it has for financial services and favour the large, the 

multi-national, well-prepared and technologically advanced organisations. New services will 

emerge and become essential and separate the �sheep from the goats� (Davies, 1997). 

 

SWOT analysis has been applied as a strategic planning tool in manufacturing, finance, 

insurance and construction industries (Hill and Westbrook, 1997; Davies; 1997; Kurttila, 2000). 

Davies (1997) expressed the notion that SWOT analysis would be an effective tool for 

establishing a Building Design Partnership (BDP) in the construction industry. Chapter 6 

details the application of SWOT analysis for the strategic implementation of IT investments in 

construction. 
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4.11.1 Advantages and disadvantages of SWOT analysis 

 

If used correctly, SWOT can provide a good basis for successful IT implementation strategy 

formulation. Nevertheless, it could be used more efficiently (McDonald, 1993). When using 

SWOT, the analysis lacks the possibility of comprehensively appraising the strategic decision-

making situation, it can merely pinpoint the number of factors in the strengths, weaknesses, 

opportunities or threats groups. In addition, SWOT does not include any means of analytically 

determining the importance of factors, or of assessing the fit between the SWOT factors and 

decision alternatives. In a study by Hill and Westbrook (1997), it was found that none of the 20 

case companies prioritised individual SWOT factors. Further, any expression of an individual 

factor was of a very general nature and was also brief in its information. It can be concluded, 

therefore, that the result of a SWOT analysis is all too often only a superficial and imprecise 

listing or an incomplete qualitative examination of internal and external factors.  

 

However, to counteract the above deficiencies, a SWOT analysis has the inherent ability to be 

combined with other decision-analysis techniques, such as AHP (Wind, 1987) and delphi 

(Kangas et al., 1996). IT project implementation is a strategic planning situation in which 

SWOT and AHP can both be used. SWOT provides the basic frame within which an analysis of 

the decision situation can be performed, and AHP assists in carrying out the SWOT analysis 

more analytically (Kurttila et al., 2000). The possible advantages of using AHP in a SWOT 

analysis lie in the quantitative examination of the SWOT factors and the inclusion of 

preferences of the decision-maker(s) in the planning situation. An advantage of using, AHP and 

SWOT is that they are both widely used methods which are relatively easy to understand 

(Kurttila et al., 2000). Thus, they are both well suited to be used in practical IT implementation 

planning and appraisal. 

 

A number of critics have claimed that the output from a SWOT analysis is often either trivial or 

so broad as to be relatively meaningless in the context of making actual marketing decisions 

(Ruocco and Proctor, 1994). Stevenson (1976), for example, describes the evaluations made by 

managers of their strengths and weaknesses and the reasons underlying their evaluations. The 

overall assessment of this study was that the detached assessment of strengths and weaknesses 

may be unreliable, being bound up with aspirations, biases and hopes. The findings suggested 

that strengths and weaknesses have to be defined in the context of the situation. In summary, 

SWOT analysis could be an excellent planning tool for the strategic implementation of IT 

projects in construction organisations. 
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4.12 The Application Portfolio Approach 

 

In any situation, it is very important to use the appropriate basis for judgement of applications 

based on the role they are expected to fill in the business. A portfolio management approach can 

offer help in making such judgements. There are many ways of classifying IT, but, for 

investment appraisal purposes, the role they play in the business and the contribution they are 

expected to make should be key parameters for such a classification. The view can be achieved 

by adapting an idea originally devised by McFarlan (1981) for comparing the role of IT across 

different organisations. It has been shown to be very helpful in gaining management 

understanding of the differing nature and importance of IT investments and to demonstrate how, 

as with any investment portfolio, different management strategies are needed. The rationale for 

such an approach is explained in depth in Ward (1988).  

 

Ward (1990) proposed that the IT classification is based on a management judgement of the 

value IT generates, in terms of four segments of a matrix: high potential, strategic, factory, and 

support (Figure 4.12). The objective of such a classification is to determine the criticality of the 

relationship between the investment and business success. From this it can be determined how 

the application should be managed, including how the investments will be appraised. The 

business reasons for embarking on the applications, and hence the key issues to be managed, are 

different. Some critical aspects are described in Table 4.28. The basic philosophy in the �high 

potential� segment is R & D, whereas for �strategic� applications the drive is to achieve a 

business objective through an IT investment. Managing the change in the business will be 

critical for the effectiveness of the IT application management. 

Applications which are
critical to sustaining

future business strategy

STRATEGIC TURNAROUND OR
POTENTIAL

Applications which may
be important in achieving

future success

Applications on which
the organisation currently

depends for success

Applications which are
valuable but not critical to

success

FACTORY or
KEY OPERATIONAL SUPPORT

 
Figure 4.12 IT application portfolio (Ward, 1990) 
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Table 4.28 Some key issues in the segments of the portfolio (Ward, 1990) 

 Driving Forces Critical Components 
High potential  
(turnaround) 

• New business idea or 
technological opportunity 

• Individual initiative, owned by a 
�product champion� 

• Need to demonstrate the idea or 
otherwise 

• Rapid evaluation of prototype and 
avoid wasting effort/resources on 
failures 

• Understand the potential (& the 
economics) in relation to business 
strategy 

• Identify the best way to proceed � 
the next step 

Strategic • Market requirements, competitive 
pressures or other external forces 

• Business objectives, success 
factors and vision on how to 
achieve them 

• Obtaining an advantage and then 
sustaining it 

• Rapid development to meet the 
business objective, and realise 
benefits within the window of 
opportunity 

• Flexible system that can be adapted 
in the future as the business evolves 

• Link to an associated business 
initiative to sustain commitment 

Factory 
(key 
operational) 

• Improving the performance of 
existing activities (speed, 
accuracy, economics) 

• Integration of data and systems to 
avoid duplication, inconsistency 
and misinformation 

• Avoiding a business disadvantage 
or allowing a business risk to 
become critical 

• High quality, long life solutions and 
effective data management 

• Balancing costs with benefits and 
business risks � identify the best 
solution 

• Evaluation of options available by 
objective feasibility study 

Support • Improved productivity/efficiency 
of specific (often localised) 
business tasks 

• Legal requirements 
• Most cost effective use of IT 

funds and resources available 

• Low cost, long term solutions � 
often packaged software to satisfy 
most needs 

• Compromise the needs to the 
software available 

• Objective cost/benefit analysis to 
reduce financial risk and then 
control costs carefully 

 

Factory applications are more familiar territory and involve improving the effectiveness and 

efficiency of how activities are carried out. Most Systems Development Methodologies were 

developed to deal with the challenges in creating long term effective factory systems. Their 

effectiveness is often dependent on the degree of their integration with other systems in the 

business. For example, poor factory systems can rapidly lead to business disadvantage. Support 

systems are again more familiar in type � producing improvements in efficiency throughout the 

business at a broad (maintaining personnel data) or local (word processing, spreadsheets for 

planning etc.) level. They need careful management to ensure resources are not wasted since the 

overall business impact is less critical.  

 

Clearly, over time, applications migrate around the matrix, as the business and IT use evolves. 

Indeed, high potential applications cannot be high potential forever. They either have significant 

potential and become �strategic�, have no potential and should be rejected, or have limited 
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benefits of a support factory nature. As they move, further investment should be appraised, 

based on their planned destination. Also, strategic systems will, over time, produce fewer 

advantages, as others catch up, or the construction industry or business objectives change. As 

they become the established way of doing business, they essentially become factory systems 

that may have to be re-implemented so that they are more appropriate to the role. These changes 

imply the further investment of resources and should be argued for from a factory perspective. 

Equally, some factory systems eventually only fulfil a support role, as the business changes. In 

such a case further investment should be severely curtailed. The system may also be re-

implemented to provide a better economic return over the long-term, e.g. by reducing support 

costs, etc. Hence, over time, an application will move at least partially around the matrix and, as 

its contribution changes, so should the way further investments in the application are argued. 

 

4.13 Aligning Appraisal Techniques with IT Project Lifecycle 

 

Each phase of the IT project lifecycle has inherent characteristics and requirements for IT 

investment appraisal. The extensive review and experimental application of prominent IT 

investment appraisal techniques has enabled effective alignment of these techniques and tools 

with the three phases of the IT project lifecycle. These IT investment appraisal techniques and 

tools are tailored to �Construct IT� specific considerations and requirements. The following 

sections detail the alignment of reviewed investment appraisal techniques with the three phases 

of the IT project lifecycle, namely, IT project selection, IT implementation and monitoring and 

IT performance evaluation.  

 

4.13.1 IT project selection 

 

The development of a structured procedure for analysing and ranking IT projects, according to 

value and risk criteria and sub-criteria, is the primary concern of this phase. These criteria and 

sub-criteria must emulate the value and risk attributes associated with implementing innovative 

IT in construction. After careful consideration of the advantages, disadvantages and relevance of 

each investment appraisal technique and the requirements of the IT project selection phase, the 

following tools have been chosen: 

 

• Applications Portfolio Approach: This method is used to classify IT investments based on 

the role they play in the business and the contribution they are expected to make. By 

classifying IT investments prior to selection analysis and ranking, a more effective 

judgement of potential value and risk criteria is possible. 
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• Information Economics (IE): IE goes beyond traditional �IT business value� techniques 

and introduces the concepts of value and risks. The criteria have been adopted for IT project 

selection in construction. 

 

• Analytical Hierarchy Process (AHP): The AHP technique has been chosen as the most 

appropriate technique for weighting the developed value and risk criteria and sub-criteria.  

 

• Fuzzy Logic (Possibility Theory): This tool has been chosen because of its ability to 

mitigate the effects of ambiguous or vague descriptions applied by the construction 

organisations. The use of fuzzy sets provides a very powerful tool for extending the 

capability of binary logic in ways that enable a much better representation of this 

knowledge. 

 

These popular techniques have been combined to form a hybrid framework. The IT project 

selection framework and method aims to select IT projects for construction organisations based 

on robust criteria and sub-criteria and logical selection techniques. Chapter 5 details the IT 

project selection framework and method. 

 

4.13.2 Strategic IT implementation and monitoring 

 

The strategic IT implementation and monitoring phase combines IT investment appraisal 

techniques illustrated in this chapter with modern implementation frameworks reviewed in 

Chapter 6. Chapter 6 details a step-by-step IT implementation and monitoring procedure. One 

of these steps incorporates two investment appraisal techniques reviewed here. After careful 

consideration of the advantages, disadvantages and relevance of each investment appraisal 

technique and the requirements of the IT implementation and monitoring phase, the following 

tools have been chosen for this step of the procedure.  

 

• Strengths, Weaknesses, Opportunities and Threats (SWOT) Analysis: SWOT analysis 

has been used as the tool to evaluate the strengths, weakness, opportunities and threats 

discovered by the Review Committee (RC) when undertaking internal and external analysis.  

 

• Analytical Hierarchy Process (AHP): The AHP technique has been chosen as the most 

appropriate technique for weighting the strengths, weakness, opportunities and threats 

discovered by the RC when undertaking internal and external analysis.  
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These popular techniques have been combined to form a hybrid framework. The aim of the 

proposed IT implementation and monitoring framework is to firstly strategically implement 

selected IT projects, and secondly, to develop and use a data collection plan for monitoring. 

Chapter 6 details the IT implementation and monitoring framework and method. 

 

4.13.3 IT performance evaluation 

 

The IT performance evaluation framework and method requires the most extensive 

development. This framework requires the development of a multi-attribute evaluation model 

which encompasses both tangible and intangible criteria, sub-criteria and measures. These 

measures, with varying metrics, need to be combined to establish the overall IT performance 

improvement of the organisation. After careful consideration of the advantages, disadvantages 

and relevance of each investment appraisal technique, and the requirements of the IT 

performance evaluation phase, the following tools have been chosen: 

 

• Balanced Scorecard (BSC): The BSC is a highly regarded performance evaluation 

framework which enables the evaluation of the full spectrum of tangible and intangible IT-

induced benefits to the organisation. 

 

• Multi-Attribute Utility Theory (MAUT): MAUT enables the combination of natural units 

such as years, %, or $, into commensurable units (utiles) on an interval scale. 

 

• Analytical Hierarchy Process (AHP): The AHP technique has been chosen as the most 

appropriate technique for weighting the developed perspectives (criteria), indicators (sub-

criteria) and measures of the BSC. 

 

These popular techniques have been combined to form a �Construct IT� BSC and hybrid IT 

performance evaluation framework. The aim of the proposed �Construct IT� BSC and IT 

performance evaluation framework is to evaluate the IT-induced performance improvement of 

the organisation. Chapters 7, 8, 9, 10 and 11 detail the development, implementation and 

application of the �Construct IT� BSC, and the IT performance evaluation framework and 

methodology. 

 

4.14 Summary 

 

IT investment appraisal is an important component in the effective management of IT. It is, 

thus, important for technology managers to have a range of IT assessment techniques so that 
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they can obtain meaningful information for making decisions and maintaining a viable position 

in the globally competitive marketplace. This chapter compiled and critically reviewed a 

comprehensive list of techniques for IT investment appraisal. Although this research has been 

carried out with utmost care, the review cannot be exhaustive. The methods reviewed in detail 

have been considered to be the most effective for IT investment appraisal. The advantages, 

disadvantages and a construction-focused application have been provided for each reviewed IT 

investment appraisal technique. Methods were then matched to the three phases of the IT project 

lifecycle: (1) IT project selection; (2) IT implementation and monitoring; and (3) IT 

performance evaluation.  

 

Many organisations are seeking to invest in viable IT projects to re-engineer existing business 

processes. In many cases, the viability of IT projects cannot be determined unless detailed 

feasibility studies are conducted. The preparation of these feasibility studies consumes company 

time and effort. A considerable amount of financial and human resources have to be allocated 

for the development of such feasibility studies. In order to optimise the use of these financial 

and human resources, organisations have to adopt a specific method to measure the viability of 

the proposed IT projects. The IT project selection method uses the applications portfolio 

approach to classify IT projects. It then utilises a hybrid method (AHP, IE and Fuzzy Logic) to 

analyse and rank these IT projects (see Chapter 5).  

 

Today�s Businesses are facing enormous challenges. Global competition, industry shakeouts, 

inter-organisational networking, company downsizing and other pressures make it important for 

companies to execute their strategies as well as possible. All organisations have strategies, 

although not all organisations have formalised strategies. Some write their strategy down, some 

just talk about their strategy, while others never mentioned the word. The construction industry 

lags behind other industries in the strategic implementation and monitoring of IT investments. 

Once selected by the IRC, construction organisations should develop a structured procedure to 

ensure the efficient and effective implementation of this portfolio of IT projects. Chapter 6 

details the developed IT implementation and monitoring framework and method that 

incorporates the use of SWOT and AHP techniques. 

 

It is important to note that little agreement exists on measures of IT performance. The 

contribution of IT, in the past, has been generally measured in terms of efficiency (�doing things 

right�). More recently, attention has been given to measuring IT effectiveness (�doing the right 

things�). There is a growing expectation that IT needs to make a contribution to the overall 

performance of the business. The purpose of the IT performance evaluation phase is to evaluate 

the IT-induced performance improvement of the construction organisation. After a critical 
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review of investment appraisal techniques, a hybrid method employing the BSC, AHP and 

MAUT techniques, has been developed and applied in Chapters 7, 8, 9, 10 and 11. The 

developed �Construct IT� BSC and IT performance evaluation framework enables IT-induced 

performance improvement to be evaluated at each decision-making tier of the construction 

organisation. 
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CHAPTER  5 

 

IT PROJECT SELECTION 
 

 

5.1 General Remarks 

 

The adoption of innovative IT is a crucial activity for construction organisations in the modern 

era. However, the construction industry has been slow in adopting and utilising new 

technologies, with negative consequences on productivity and innovation (Mitropoulos and 

Tatum, 1999). The need to accelerate the rate of IT diffusion in the construction industry has 

been well identified and documented (Halpin, 1991; Jung and Gibson, 1999). IT project 

implementation is recognised as part of the solution to improve construction productivity, client 

satisfaction and to reduce costs. By achieving these improvements, a construction organisation 

could not only obtain direct cost savings but also gain competitive advantages that are vital to 

the organisation�s future growth. Unfortunately, IT project development and implementation 

typically involves large capital investments. Additionally, except for those near-

matured/matured IT applications, most IT investments are characterised by the uncertainty of 

the actual cost and benefit. Managers may easily forego potentially valuable IT investments due 

to perceived risk and low immediate return. In summary, construction executives need to adopt 

a structured method for the evaluation and decision-making process for IT project selection.  

  

This chapter addresses the problem of IT project selection in construction, discussed earlier in 

Chapter 4. To fully assess the issue an IT project selection framework and method has been 

developed. The proposed framework attempts to encompass the entire spectrum of direct and 

indirect costs, along with the tangible and intangible benefits, associated with innovative IT 

projects. As detailed in Chapter 4, the investment appraisal techniques adopted for analysing 

and ranking IT investments include the Analytical Hierarchy Process (AHP), fuzzy logic 

(possibility theory) and Information Economics (IE). The IT project selection process is detailed 

in a five-step method; illustrative examples are provided at each step to demonstrate necessary 
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calculations. The proposed framework and method is demonstrated through a practical case 

study in Chapter 11. 

 

5.2 IT Project Selection Phase 

 

The selection phase is part of the IT project lifecycle management process (shown in Figure 

5.1). This chapter focuses specifically on the selection phase of the IT investment management 

process. This process can work effectively when IT spending for proposed projects is decided, 

each year, as part of an annual budget process (Figure 5.1). Once projects are proposed they are 

entered into an IT investment planning and analysis stage, which examines the existing 

inventory of systems and applications to review costs, benefits and risks associated with all IT 

investments.  

 

The starting point for the selection phase is the screening process, in which IT proposals, being 

submitted for funding, are compared against a uniform set of screening criteria and thresholds to 

determine whether the projects meet minimal requirements. The costs, benefits and risks of 

proposed IT projects should be then assessed, compared against each other and ranked or 

prioritised. As part of this process, weighting factors may be attached to the ranking criteria. 

These ranking criteria should, at a minimum, include cost, risk and benefit factors, as well as an 

assessment of how well the proposed project meets organisational objectives. Finally, senior 

management executives make decisions about which IT project(s) to select for funding, based 

on these objectives and organisational priorities. The IT project(s) that are selected for funding 

make up the portfolio of IT investments. 

 

The selection phase helps ensure that the organisation: (1) selects those IT projects that will best 

support mission needs; and (2) identifies and analyses an IT project�s risks and proposed 

benefits before a significant amount of funds and resources are allocated. A critical aspect of 

this phase is management understanding and participation and the application of a structured 

decision-making process. 

 

Adopted techniques and tools must, however, be supported by mutually reinforcing practices. 

Existing practices may need to change and it is the cultural characteristics of a business that will 

determine its receptiveness to change. This organisational distinctiveness will influence both the 

format of outputs and the way they are used. 
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Figure 5.1 IT project selection phase 

 

5.3 Forming an IRC 

 

The Investment Review Committee (IRC) will make decisions about which project(s) to 

propose for funding, using the list of ranked projects as a key input. As the group goes about 

making these decisions, a number of trade-offs will have to be made. For instance, the group 

will need to decide how much should be spent to continue operating and maintaining existing 

systems, versus funding enhancements and current systems, versus funding systems that are 

currently under development, versus funding new projects, versus funding research projects that 

assess the applicability of emerging technologies (Figure 5.1). The group must also determine 

the proportions that will be spent on the various IT types, discussed previously in Chapter 4 

(i.e. high potential, strategic, factory or support)  

 

To aid the IRC in making trade-offs between the various project types and phases, the 

organisation may maintain a data repository that contains historical information on expenditures 

in different IT investment categories (operations and maintenance, enhancements to current 
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systems, new systems development, research into developing or applying emerging 

technologies, etc.).  

 

The IRC�s responsibilities will usually not end once it has decided upon the mix of projects that 

will be proposed to comprise the current year�s investment portfolio. Instead, the group should 

meet on a regular basis to discuss the status of projects and to make further IT project decisions. 

The group may also be responsible for reviewing investment portfolio decisions that were made 

by lower level organisational units. 

 

5.4 New IT Proposals 

 

The importance of IT in the construction industry has grown exponentially over the past years. 

Computer-aided design packages, scheduling and contract management software, document 

management systems and Internet applications have demonstrated their ability to improve 

operations, by increasing both service quality and productivity. Hence, investments in IT 

applications and tools have become a dominant part of capital budgets of many construction 

organisations (Pena-Mora et al., 1999). In addition, the increasing number of applications of IT, 

and their direct and indirect impacts on the core business, has made the management of the IT 

investment process an increasingly critical issue. 

 

As illustrated in Figure 5.1, new IT project proposals usually arise from internal and/or external 

benchmarking investigations. These investigations aim to discover internal processes that can be 

enhanced, substituted or transformed using innovative IT applications and tools. Chapter 7 

details internal and external IT benchmarking theory at the different decision-making tiers of 

construction organisations. Ideally, such organisations need to continuously scan their industry 

sectors, as well as other industries, for IT-induced means by which to re-engineer their existing 

processes. 

 

5.5 IT Planning and Analysis 

 

For years, the planning and analysis of IT project proposals has been one of the problems facing 

organisations (Lederer and Mendelow, 1989).  By definition, IT planning is �the process of 

identifying a portfolio of computer-based applications that will assist an organisation in 

executing its business plans and realising its business goals� (Lederer and Sethi, 1988). This 

portfolio might include a wide variety of applications, including accounting, human resources, 

marketing, project management, electronic mail, e-conferencing, decision-support systems, 

CAD/CAM, and so forth. To allocate scarce resources among diverse IT projects, the IRC often 
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needs to conduct a multiple round, in-depth, evaluation of IT projects. The evaluation criteria 

routinely include technological, economic and behavioural aspects (Kroeber and Watson, 1984).  

 

In such evaluations it is very important to use the appropriate basis for judgement of 

applications based on the role they are expected to fill in the business. A portfolio management 

approach can offer help in making these judgements (Ward, 1990). Although, there are many 

ways to classify IT project proposals, for investment appraisal purposes the role they play in the 

business and the contribution they are expected to make should be the key parameters for such a 

classification. The classification is based on a management judgement of the value of the IT 

project in terms of the four segments of the matrix (see Chapter 4 for a detailed explanation of 

the applications portfolio approach). An organisation may choose a strategic mix of IT projects 

each financial year or concentrate on strategic or turnaround investments, which re-engineer the 

organisation. Figure 5.2 illustrates a sample strategic mix of IT project proposals.  

 

Also, it is important that the IRC classifies investments before commencing the analysis and 

ranking of IT projects. The objective of such a classification is to determine the criticality of the 

relationship between the investment and business success, and hence determine how the 

application should be managed, including how the investments will be appraised.  

 

Support
Strategic

Factory (key 
operational)

High 
Potential

Improving the
performance of
critical activities

Improving the
efficiency of
support activities

New business idea
or technological
opportunity

Competitive pressures
to obtain an advantage
and sustain it

 
Figure 5.2  Strategic mix of IT projects (Ward, 1990) 
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Evaluating IT investments is not a simple task. It requires a combination of management 

perception of the overall nature of business improvements that can accrue, plus the realistic 

appraisal of each IT project proposal, to ensure that maximum benefits can be achieved at an 

acceptable cost. At the same time, consistent criteria must be applied to both the evaluations of 

investments and the setting of priorities across a variety of investments.  The proposed IT 

project selection method attempts to bring these threads together via the concept of the 

applications portfolio, which helps management develop a coherent vision of IT investments 

and, thereby, the means of adopting a consistent strategy for their management.  

 

5.6 Screening of IT Projects 

 

Organisations should adopt a process that outlines how to introduce IT projects for funding and 

how these IT projects will be screened for relevance to company goals and objectives. 

Executives of these organisations should: 

 

• Define what constitutes an IT project; 

• Identify initial requirements that IT projects must meet in order to be seriously considered 

for funding; 

• Explain how screening will be conducted; and 

• Establish roles and responsibilities for conducting the screening. 

 

As part of the initial screening process, there should be documented screening criteria that all IT 

projects are expected to meet. The documented screening criteria should serve three main 

functions: 

 

1. Identify whether the IT project meets initial acceptance criteria; 

2. Ensure that the project is being reviewed at the appropriate organisational level; and 

3. Identify what level of management scrutiny is appropriate, given the project�s type, size and 

risks. 

 

On the basis of this screening process, IT projects will either move on for more in-depth 

analysis or will be sent back to the originating program group. 

 

5.7 Developing a Framework for Analysing and Ranking IT Projects 

 

In evaluating the total benefits to derive from expenditure on IT initiatives, current research 

indicates that there are numerous factors which contribute to productivity benefits, apart from 
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savings in labour costs (Willcocks and Lester, 1996). Measurement and quantification of IT 

benefits is frequently a complex process (Geisler and Hoang, 1992). IT projects can yield direct 

savings by automating existing manual processes and activities. IT applications can also 

improve decision-making, effectiveness, responsiveness and resource utilisation by allowing 

rapid access to information (Marsh and Flanagan, 2000). Such benefits are often difficult to 

justify in terms of cost benefit (Bender, 1986). Lederer and Mirani (1995) showed that among 

the range of anticipated benefits flowing from information systems, improved business 

effectiveness through �better information� was considered to be both the most important and 

hardest to measure (Marsh and Flanagan, 2000).  

 

Indeed, evaluation is complicated by costs and benefits associated with IT projects being either 

certain or uncertain. Certain costs and benefits can be determined, both in terms of magnitude 

and times of occurrence. Uncertain costs and benefits are subject to deviation from expected 

values and/or time of occurrence (Wong and Norman, 1996). It may be possible to predict a 

time period over which an uncertain cost or benefit is likely to occur, or its magnitude within a 

range of likely outcomes (e.g. highest and lowest). Nevertheless, both certain and uncertain 

costs and benefits associated with the application of IT must be embraced within the evaluation 

process. Extensive financial calculations, such as ROI, NPV and IRR, have been demonstrated 

to be incapable of capturing the entire benefit of investment in IT projects (de Jong et al., 2000). 

The reason for the failure of these traditional economic measurement techniques is that they do 

not take into account intangible or �soft� factors, such as quality, accuracy and security. These 

benefits are extremely difficult to measure (Irani et al., 2001).  

 

Moreover, IT investment is a high risk, hidden cost business, with a variety of factors that 

compound the risks, including: size and complexity of the project; the �newness� of the 

technology; the degree of �structuredness� in the project; and major human political and cultural 

factors (Willcocks and Griffiths, 1994; Willcocks and Lester, 1996; Irani et al., 2001). 

Alongside and, I would argue, contributing to the performance issues surrounding IT, is 

accumulated evidence of problems in evaluation, together with a history of general indifferent 

organisational practice in the area (Strassman, 1989; Farbey et al., 1992). Therefore the general 

rule for evaluating IT cost and expenditure is: 

 

• Cost of IT expenditure = Tangible costs (direct and indirect) + Intangible risk (budget, 

timeframe, organisations culture, etc.) 

 

• Value of IT expenditure = Tangible benefits (cost savings)  + Intangible benefits (e.g. 

service, quality, timeliness, etc.) 
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For the purpose of this model, tangible costs and benefits and intangible benefits and risks have 

been grouped together to establish the net overall benefit of each proposed IT project. 

 

• Net Benefit (tangible/intangible) = (Tangible costs ± Tangible benefits) + (Intangible 

benefits ± Intangible risk) 

 

As detailed in Chapter 4, the investment appraisal techniques adopted for analysing and 

ranking IT investments include: the Analytical Hierarchy Process (AHP), fuzzy logic 

(possibility theory) and Information Economics (IE). IE will be used as the general criteria from 

which specific factors (sub-criteria) will stem; AHP will be used to weigh the developed factors; 

and possibility theory will be used to evaluate the perceived tangible benefit and cost and the 

intangible value and risk associated with IT projects under uncertainty. Costs and benefits need 

to be sub-classified into tangible/intangible and an appropriate assessment technique adopted for 

each type (Willcocks and Lester, 1996). Tangible (monetary) benefit and cost can be combined 

to obtain the perceived net tangible benefit possibility distribution of an IT project. Intangible 

value and risk factors can be combined to derive the perceived net intangible benefit possibility 

distribution of each IT project. Finally, the tangible and intangible net benefit possibility 

distributions can be combined to establish the resultant possibility distribution of each IT 

project.  The resultant possibility distribution ranking for each IT project can be based on its 

ranking index values. Figure 5.3 details the developed five-step procedure to analyse and rank 

IT projects.  

 

5.8 STEP 1(a): Identify Tangible Cost and Benefit Factors 

 

5.8.1 Select relevant IT project costs 

 

In recent years, expenditures on IT have been significant. Given that expenditures on IT are 

both necessary and sizeable in the modern era, organisations must look at how to examine the 

total ownership costs of their IT expenditures. However, organisations usually fail to fully 

acknowledge the total costs of their IT projects. There might also be political and organisational 

reasons for not understanding the cost implications of an IT investment; the main one being the 

need to gain the support of, and acceptance from, senior managers. Farbey et al. (1993) found 

that those responsible for implementing IT in organisations often ignore the full �cost� 

implications of their investment and thus advocate optimistic benefits and cost savings. In this 

instance, the failure to identify the total cost implications, when combined with the use of over-

optimistic savings and benefits, may result in several extra years of use to achieve expected 

financial returns. The total ownership costs of IT investments include both the direct and 
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indirect costs (Love et al., 2001). These aspects will be discussed in greater detail in the 

following sections. 
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Figure 5.3 IT project selection flow chart 
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(a) Direct costs 

 

Typically, organisations encompass direct costs as those attributed to the implementation and 

operation of the proposed IT project. Direct costs may also include unexpected additional 

hardware accessories, such as increases in processing power, memory and storage devices. 

Installation and configuration costs are also classified as direct costs, and typically include 

consultancy support, installation engineers and networking hardware/software. As hardware 

costs continue to fall in price, Wheatley (1997) predicts that IT-related human and 

organisational costs are set to rise. Strassman (1992) concluded that, at the US Department of 

Defence, for every $1 spent on IT and associated equipment, a further $7 is spent on �softer� 

human and organisational issues. Hochstrasser (1992) suggests that human and organisational 

costs are rarely budgeted for in IT investment proposals, which may partially explain the IT 

project budget blow-outs experienced by many organisations. In some cases, the IT proposal 

that was meant to increase the profitability and competitiveness of an organisation has crushed it 

due to IT project budget blow-outs. 

 

(b) Indirect costs 

 

Indirect costs typically comprise of human and organisational factors. One of the largest 

�indirect� human costs being that of management time (Irani et al., 1999), viz. time specifically 

spent on integrating new systems into current work practices. In the case of newly adopted 

technologies, management may spend time revising, approving and subsequently amending 

their IT related strategies. A significant amount of resource will also be used to investigate the 

potential of the IT project, and in experimenting with new information flows and modified 

reporting structures (Love et al., 1996). Wheatley (1997) suggests that a further indirect human 

cost, which is often overlooked, is that of system support and troubleshooting. According to 

Wheatley (1997), typically, lifetime support costs are at least 400% of the original purchase 

price. 

 

The organisational costs of proposed IT projects generally occur during the transformation from 

old to new work practices. According to Irani et al. (1997), a temporary reduction in 

productivity may be experienced while employees are adapting to new systems, procedures and 

guidelines. The adoption of innovative IT is also likely to result in the re-design of 

organisational functions, processes and reporting structures (Love and Gunasekaran, 1997). As 

pointed out by Li (1996), construction organisations, with extensive IT infrastructures in place, 

tend to change their corporate shape, by reducing the number of management levels. This is 

often achieved by re-defining the role of many management functions, through increasing their 

Lifecycle Management of IT Projects in Construction  



Chapter 5: IT Project Selection  5-11 

flexibility and overall contribution to the organisation (Love et al., 1998). The costs of 

organisational restructuring following the adoption of IT are considered expensive, particularly 

if isolated groups within the company resist change, and are unwilling to make the transition.  

 

(c) Estimate total ownership costs (lifecycle costing) 

 

Total ownership costs include all direct and indirect costs that can be attributed to the initiation, 

design, development, operation and maintenance of the IT investment. All costs for the 

proposed IT project over its entire lifecycle must be included in the costing process. The 

following aspects should be addressed: activities, resources, hardware, software, personnel 

costs, overheads, depreciation and annual costs. Table 5.1 details a sample list of activities and 

required resources (cost elements) for the implementation of a proposed IT project over its 

entire lifecycle. 

 
Table 5.1 IT project lifecycle cost matrix (adapted from GAO/AIMD-97-163, 1997) 

Activity 
 

Task Resources (cost elements) 

Problem definition Analysts*, managers, processors**, customers 
Work process evaluation Analysts, managers, processors, customers 
Processing requirements 
definition 

Analysts, managers, processors, customers 

Security planning Analysts, managers, processors, customers 
Develop IT performance 
measures 

Analysts, managers, processors, customers 

Project initiation 

IT project feasibility study Analysts, managers, processors, customers 
Develop statement of work Analysts, managers, processors, customers 
Award contract Project manager, analysts, contracting personnel IT resource 

acquisition Monitor contract Project manager, contracting and finance 
personnel 

Develop system design Analysts, managers, processors System design Approve system design Analysts, managers, processors 
Develop and test programs 
and procedures 

Analysts, managers, processors, programmers, 
computers, software 

Develop transition plan Analysts, trainers, managers, processors System 
development Implement new system and 

procedures 
Analysts, trainers, managers, processors, 
programmers, computers, software 

System operation Operate new system Analysts, managers, processors, programmers, 
support, computers, software 

System 
maintenance 

Correct errors and make 
changes to the system 

Analysts, managers, processors, programmers, 
support, computers, software 

System 
evaluation 

Evaluate system performance 
compared to expectations 

Analysts, managers, processors, customers 

System 
management 

Oversee system Project managers, management 

*   Analysts will usually be management analysts and/or computer system analysts. 
**   Processors are the people in the organisation performing the work process that is being automated. 
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In addition to the resources (cost elements) detailed in Table 5.1, the IRC needs to include the 

indirect costs detailed earlier. These costs are more difficult to quantify and need to be estimated 

by the IRC. In addition, the lifecycle stages detailed above are not fixed. Each proposed IT 

project will have its own individual characteristics and should be treated as such by the IRC. 

 

After outlining the activities and cost elements of the proposed IT project, the IRC needs to 

detail these costs precisely. A full breakdown of costs needs to be tabulated. The complete cost 

breakdown can be summarised into an activity cost matrix. A sample activity cost matrix for the 

�project initiation� activities are detailed in Step 2 of the procedure. 

 

The final step to evaluating the total ownership costs over the project�s entire lifecycle is to set 

up the annual cost matrix using data from the activity cost matrix and depreciation principles. 

Consider, the IT project example, which has an estimated life of 10-years. In the first year, in-

house staff and contractors define the problem, evaluate the work process, define processing 

requirements, prepare feasibility studies and issue a contract for the development of the IT 

project. During the second year a contractor will design and implement the IT. For the next 

eight years the organisation will reflect on operational and maintenance costs for equipment, 

software, in-house personnel and contractor personnel. Years five and six also reflect on in-

house acquisition costs for establishing a new five-year contract for maintenance of the system 

and help desk support. A sample annual cost matrix is detailed in Step 2 of the procedure. 

 

Estimating the costs associated with each stage of the IT project over its entire lifecycle is 

difficult to predict accurately. In most cases, the IRC will not be able to accurately predict the 

cost elements of the IT project but instead will only be able to predict the cost range. 

Nevertheless, possibility distribution theory can be used to remove the fuzziness that exists in 

the costing of IT projects. Step 2 details this process further. 

 

5.8.2 Select relevant IT project benefits 

 

The benefits are the services, capabilities and qualities of each alternative IT project proposal, 

and they can be viewed as the return on an investment. Some examples of benefits for IT 

projects include: 

 

• Accuracy: Will the proposed IT project provide better accuracy by reducing the number of 

data entry errors or eliminate some data entry that would, in turn, result in fewer data entry 

errors? 
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• Compatibility: How compatible is the proposed alternative with existing facilities and 

procedures? Will one alternative require less training of personnel or less equipment or 

software? 

 

• Efficiency: Will one alternative provide faster or more accurate processing of inputs? Will 

one alternative require fewer resources for processing? 

 

• Maintainability: Will the maintenance costs for one alternative be less than for the others? 

Are the maintenance resources easier to acquire for one alternative? 

 

• Reliability: Does one alternative provide greater hardware or software reliability? Greater 

reliability translates into higher productivity by using and/or operating the system with less 

time for operations and user support. 

 

• Security: Does one alternative provide better security to prevent fraud, waste or abuse? Are 

privacy, confidentiality and data integrity enhanced? 

 

Benefits created through strategic IT project implementation are mostly intangible in nature, but 

some tangible or monetary benefits are also evident. Tangible or monetary factors include 

reduced paperwork, reduced overhead costs, improved control of cash flow, reduced labour 

costs, reduced rework, etc. These types of benefits can be directly related to a financial saving 

for the organisation. This section is concerned with these monetary or tangible factors, while the 

following section deals with the intangible benefits created from IT project implementation. The 

initial steps to selecting IT project proposals are to: (a) identify perceived benefits; (b) classify 

benefits; and (c) estimate tangible benefits. 

 

(a) Identify benefits 

 

Every proposed IT project should have identifiable benefits for the organisation. Identifying 

these benefits will usually require an understanding of the work processes of the organisation 

and its clients. Some benefits for the organisation implementing innovative IT projects include 

organisational strategy, technology leadership, user/client satisfaction, improved market share 

and improved responsiveness (Marsh and Flanagan, 2000). As mentioned previously, benefits 

are primarily strategic or tactical in nature and their financial rewards are difficult to predict. 

Operational benefits are more tangible in nature and are more likely to display direct financial 

relationships. For example, adopting video conferencing for meetings will eliminate the travel-

related costs.  
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(b) Classify benefits 

 

Once a series of benefits are identified by the IRC, they need to be classified as either tangible 

or intangible. For the purpose of the proposed model, tangible benefits will be linked to a 

financial value ($) and intangible benefits will be rated against a pre-determined scale. Some 

benefits may hold both tangible and intangible components. Typically, the two components are 

evaluated separately, but there may be cases where the IRC evaluates the benefit as totally 

intangible because they do not have the resources to examine the tangible component. 

Ultimately, the IRC needs to determine how they will handle these types of benefits. Indeed, 

benefits may be derived at the three tiers of a construction organisation: enterprise, business unit 

and project. The enterprise tier benefits are typically strategic or tactical, in nature while 

business unit and construction project tier benefits are typically operational. Chapter 7 details 

the significance and justification for adopting a tiered approach to managing IT investments. 

Tables 5.2, 5.3 and 5.4 detail some sample tangible and intangible benefits for the enterprise, 

business unit and project tier, respectively.  

 

Table 5.2 Sample enterprise tier benefits  

Benefit Tangible  
(Monetary) 

Non-tangible  
(Non-monetary) 

Tangible/ 
Intangible 

Technology leadership  !  
Business creation   ! 
Profitability and growth !   
Corporate reporting  !  
Client satisfaction  !  

 

Table 5.3  Sample business unit tier benefits  

Benefit Tangible  
(Monetary) 

Non-tangible  
(Non-monetary) 

Tangible/ 
Intangible 

Business creation   ! 
Rapid responsiveness   ! 
Improved control   ! 
Streamlined tendering process !   
Improved communication   ! 
Improved coordination   ! 

 

Table 5.4  Sample project tier benefits  

Benefit Tangible  
(Monetary) 

Non-tangible  
(Non-monetary) 

Tangible/ 
Intangible 

Better document control   ! 
Reduced rework   ! 
Employee productivity increased !   
Reduced paperwork !   
Reduced administration costs !   
Data exchange between project participants  !  
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The IRC must determine the benefits of the IT project proposals and categorise them as 

tangible, intangible or tangible/intangible, as discussed earlier. For analysis purposes, the 

benefits that fall into the tangible/intangible category must be further sub-divided to ensure that 

they can be evaluated at a later stage. For example, the �reduced re-work� benefits, detailed in 

Table 5.4, could be divided into a tangible and intangible component. The tangible component 

of the benefit �reduced re-work� is the cost savings in labour, materials etc., and the intangible 

component maybe client satisfaction resulting from �doing things once and doing them right�. 

This process is essential to distinguish between benefits and determine how the proposed IT 

project selection framework will evaluate them. 

 

(c) Estimate tangible benefits  

 

Once the tangible benefits are identified and separated from the intangible benefits, they need to 

be estimated by the IRC. Similarly to IT project cost estimates, benefit estimates are difficult to 

quantify accurately. The IRC generally have an idea of the general range of financial benefits 

resulting from an IT project proposal, but they usually cannot specify a dollar value with any 

high degree of certainty.  

 

For example, a construction organisation may implement a Project Management Information 

System (PMIS) to manage their construction projects. A major benefit of the PMIS is that all 

drawings, correspondence, site instructions, etc. are transferred and stored electronically, thus 

removing the requirement for paper-copies of information. Considering that Business As Usual 

(BAU) paper costs amount to $55,000 (on average) for construction projects undertaken by the 

organisation. The organisation cannot expect that paper printing will cease due to the proposed 

PMIS implementation, then the IRC needs to specify a target range for possible cost savings. 

The IRC may estimate a minimum and maximum possible cost savings range, from 30% to 60% 

reduction in paper costs, with the most probable range being 40% to 50%. These percentages 

equate to a possible cost savings, range of $16,500 to $33,000 and a probable cost saving of 

$22,000 to $27,500. Possibility distribution theory is used to displace the fuzziness that exists 

with estimating the tangible benefits of IT projects. Step 2 details this process further. 

 

5.9 STEP 1(b): Identify Intangible Value and Risk Factors 

 

The nature of IT projects means that the tangible cost and benefit of a project is only one 

criterion for selection. As mentioned previously in Chapter 4, a whole series of IT project 

selection criteria, based on �business value� and �risk�, needs to be established. The intangible 

benefit and risk information of the proposed IT projects should be analysed and assessed in 

Lifecycle Management of IT Projects in Construction  



Chapter 5: IT Project Selection  5-16 

detail. Each IT project should have a business case developed that provides the sponsor�s 

justification for the �business value� of the IT project. The business case should: identify the 

organisational needs that the IT project is meeting or proposes to meet; provide information on 

the benefits, costs and risks of the project; and establish proposed project development time 

frames and delivery schedules. The information in the business case should be continuously 

updated to ensure that it always reflects the current situation. 

 

The absence of an adequate definition of �IT business value� is a major omission in the 

literature. When an attempt is made to define the concept, the definition varies widely among 

researchers. The term �IT business value� is a more recent term, appearing predominantly in the 

1990�s and, according to literature, may equate to: 

 

• Service to the business (Konsynski, 1993); 

• Value IT adds to business (Kauffman, 1993); 

• Economic contribution that technology can make to the management�s goal of profit 

maximisation (Banker and Kauffman, 1991);  

• Human, organisational and infrastructural benefits (Earl, 1993); and 

• Strategic value (Katz, 1993). 

 

To date, many researchers have focused on developing a �single� generic appraisal approach, 

which can deal with all types of IT projects, in all circumstances (Sharif and Irani, 1999). This 

has resulted in the development and use of �traditional� appraisal techniques (Farbey et al., 

1993; Irani et al., 1997). However, these appraisal techniques fail to accommodate the most 

significant strategic dimensions of many technology investments (Irani et al., 1998; Irani and 

Love, 2001). Moreover, even professionals who are conscious of the potential of IT projects, 

lack the tools to translate their vision into a coherent strategy that includes non-technological 

business variables (Earl and Feeney, 2000). Farbey et al. (1995) suggest that the �type of 

technology project� and �type of objective� prove to be the two most influential factors in the 

choice of appraisal technique. According to Farbey et al.�s (1992) appraisal techniques matrix, 

the Information Economics (IE) approach is one of the recommended investment appraisal 

techniques for strategic investments.  

 

IE offers a framework within which the total positive and negative impacts, that IT projects can 

have on an enterprise, can be discussed and evaluated. It looks at how technology will be used, 

as well as what intangible benefits it may bring. Thus it encompasses a number of human and 

management factors that organisations typically overlook, or simply ignore. The success or 

failure of IT projects largely depends on these factors, as well as business factors (Wiseman, 
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1992; Serafeimedis and Smithson, 2000). The major advantage to adopting an IE approach is 

that it goes beyond the above traditional �business value� techniques and introduces the concepts 

of value and risks (Stewart and Mohamed, 2000).  For example, a newly introduced IT project 

may or may not provide hard benefits in the short term but will certainly make a difference to 

the organisations future growth and development.  

 

5.9.1  Select relevant value and risk criteria 

 

To determine the value of IT investments according to business priorities, organisations can use 

the IE approach to go beyond traditional NPV and ROI analysis methods, which have both been 

greatly discredited for IT projects (Love et al., 2000). IE nevertheless, however, recognises the 

return on investment factor, but only as part of a much wider perspective, one which allows 

organisations to swerve away from only considering the tangible benefits. IE is based upon the 

concepts of value and two-domain analysis. Value is the contribution of technology to enable 

the success of the business unit. Two-domain analysis segments organisations into business and 

technology domains so that the impact of technology and innovation on each domain can be 

assessed (Parker et al., 1988). Additionally, IE provides the means to analyse and select IT 

investments that contribute to organisational performance, based upon business value and risk to 

the organisation. This is achieved using the following business and technology domain factors 

identified by Parker et al. (1988) (Figure 5.4). The business domain factors include: 

 

• Financial Strategy (FS): Assesses the intangible financial benefits created by the IT 

investment on other parts of the organisation.  

• Strategic Match (SM): Assesses the degree to which a proposed IT project supports the 

strategic aims of the organisation. 

• Competitive Advantage (CA): Assesses the degree to which the IT project creates new 

business opportunities, facilitates business transformation, increases company, profile, etc.  

• Management Information Support (MI): Assesses the IT projects contribution to 

management�s need for information about core activities. 

• Organisational Risk (OR): Assesses the degree to which a technology project depends on 

new untested corporate skill, management capabilities and experience. 

 

The technology domain factors include: 

 

• Strategic Architecture Alignment (SA): Assesses the degree to which the proposed project 

fits into the overall organisational structure. 
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• Definitional Uncertainty Risk (DU): Assesses the degree to which the users� requirements 

or specifications are known. 

• Technical Uncertainty Risk (TU): Looks at the readiness of the technical domain itself to 

embrace the technology project. 

• Technology Infrastructure Risk (IR): Assesses the degree to which extra investment, 

outside the specific project, may be necessary to undertake the project. 

 

IE examines the value and risk that proposed IT projects contribute to the business and 

technology domains separately. This provides a more accurate assessment of the impacts of the 

investment to the organisation. It should be noted that these criteria are by no-means fixed and 

organisations should modify or include additional criteria, where deemed necessary. Each of 

these general criteria can be divided into more specific sub-criteria. 

 

Screened
IT

Projects

CASM

FS OR

SA

DU TU

IR

Business Domain Factors

Technology Domain Factors
 

Figure 5.4 Technology and business domain factors (adapted from Parker et al., 1988) 

 

5.9.2  Selecting relevant value and risk sub-criteria 

 

IE criteria are generic in nature so that they include the complete spectrum of business and 

technology value and risk factors. To enable assessment of these generic criteria, a series of 

specific sub-criteria has been developed. A total of thirty (30) identifiable sub-criteria extracted 

from the mainstream management, construction management and technology management 

literature, were selected for the model (Parker et al., 1988; Delone and McLean, 1992; 
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Ballantine et al., 1996; Parker, 1996; Saarinen, 1996; Irani et al., 1997; Teebe, 1999; Pena-Mora 

et al., 1999; Jung and Gibson, 1999; Marsh and Flanagan, 2000). The adopted list of criteria and 

sub-criteria is not necessarily exhaustive, rather, it is intended to demonstrate the application of 

the proposed method. Ideally, criteria and sub-criteria need to be developed individually by 

organisations to encompass their specific goals and objectives. The described IE criteria have 

been grouped into value and risk categories and the thirty (30) identified sub-criteria included 

under both these categories. 

 

 

A. Value Criteria 

 

Financial Strategy (FS) 

 

1. Profitability and Growth: Assesses the degree of effect of the proposed IT project on the 

organisation�s profitability and growth. 

2. Shareholder Value: Assesses the degree of effect of the proposed IT project on the 

organisation�s shareholder or stakeholder value. 

3. Business Value of IT Project: Assesses the business value of the proposed IT project. IT 

business value incorporates the human, organisational, infrastructural and strategic value of 

the proposed IT project. 

 

 Strategic Match (SM) 

 

4. Corporate Strategy Realised Through IT: Assesses whether the proposed IT project aligns 

with the corporate strategy of the organisation. 

5. Organisation Requirements: Assesses whether the proposed IT project meets or exceeds 

organisational requirements. Organisational requirements may include aspects such as 

service levels, employee requirements, useability, flexibility, etc. 

6. Organisational Impact: Assesses the degree of impact of the proposed IT project on the 

organisation. High impact IT projects requires dramatic changes in the organisational 

structure, employee roles and management levels. These projects can initially have a 

negative effect on the productivity of the organisation in the short term but usually hold the 

highest potential for efficiency improvements. Low impact IT projects typically enhances 

the efficiency or effectiveness of existing processes. These projects add some value with 

minor disruption to organisational productivity. 
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Competitive Advantage (CA) 

 

7. Market Leadership: Assesses the degree of market leadership gained from implementing the 

proposed IT project. Market leadership implies positioning the organisation into a leading 

role within the construction industry. 

8. Business Process Re-engineering: Assesses the extent to which the proposed IT project will 

effectively re-engineer existing business processes. Business process re-engineering implies 

the changing of outdated business processes and practices by implementing innovative IT 

projects. Construction organisations, which have the most efficient business processes and 

practices, will gain competitive advantage. 

9. Strategic Value to Business: Assesses the degree of strategic value added to the organisation 

due to the implementation of the proposed IT project. Strategic value implies the long-term 

leadership, as well as business growth sustainability within the organisation. 

10. Business Opportunities: Assesses the envisaged business opportunities created due to the 

implementation of the proposed IT project. Business opportunities may come from within 

existing markets or within new markets.  

 

Strategic Architecture Alignment (SA) 

 

11. Technology Integration: Assesses the degree of integration of the proposed IT project. 

Technology integration implies the interoperability of innovative IT projects with existing 

IT hardware and/or software.  

12. Efficiency Improvement: Assesses the efficiency improvements gained from the 

implementation of the proposed IT project. Efficiency improvement typically implies 

reducing the time it takes to undertake an activity and/or reducing the amount of resources 

required to undertake the activity. 

13. Training and Support: Assesses the amount of training and support required, to implement 

the proposed IT project. Innovative IT projects, which re-engineer the organisation, may 

require extensive training programs and support operations to become fully operational. 

14. User Satisfaction: Assesses the envisaged user-satisfaction of proposed IT projects and 

should be rated by envisaged users through a trial process. The degree of user-friendliness 

of proposed hardware or software implementations will vary from one IT project to the 

next.  

15. Quality Improvement: Assesses quality improvements gained from implementing the 

proposed IT project. Quality improvement includes, but is not limited to, improving 

document quality, information storage quality, defect reduction, process quality, procedures, 

etc. 
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Management Information (MI) 

 

16. Information Quality and Reliability: Assesses the quality and reliability of information 

created by the proposed IT Project.  

17. Management Specifications: Assesses the extent to which the proposed IT project meets 

management specifications on information requirements.  

18. Administration Specifications: Assesses the extent to which the proposed IT project meets 

administration specifications on information requirements.  

 

B. Risk Criteria 

 

Organisational Risk (OR) 

 

19. Lack of Appropriate Skills: Assesses the degree of risk associated with the proposed IT 

project due to the lack of appropriate skills in the organisation. This factor includes poor 

quality IT professional staff, wanting user skills and limited availability of IT support staff. 

20. Lack of Leadership: Assesses the degree of risk associated with the proposed IT project due 

to the lack of technology leadership in the organisation. Poor leadership can be evident at 

the enterprise, business unit and project levels of the organisation. 

21. Lack of Resource Commitment: Assesses the degree of risk associated with the proposed IT 

project due to the lack of resource commitment provided for the IT project by the 

organisation. This factor simply implies not providing the necessary resources to ensure the 

successful implementation of the IT project. 

22. Implementation Capability: Assesses the degree of risk associated with the proposed IT 

project due to the implementation capability of the organisation. This factor simply implies 

whether the organisation has the capability to effectively implement the proposed IT 

project. 

 

Definitional Uncertainty Risk (DU) 

 

23. Goals and Objectives Uncertainty: Assesses the degree of risk associated with the proposed 

IT project due to the associated goals and objectives uncertainty. The uncertainty pertains to 

the lack of understanding by the organisation about what is required or expected from the IT 

project. 

24. IT Project Deliverables: Assesses the degree of risk associated with the proposed IT project 

due to the lack of understanding or defining of the project outcomes.  

Lifecycle Management of IT Projects in Construction  



Chapter 5: IT Project Selection  5-22 

25. IT Project Timeframe: Assesses the degree of risk associated with the proposed IT project 

due to the lack of understanding or defining of the project timeframe. IT projects may take 

much longer to implement than expected.  

 

Technical Uncertainty Risk (TU) 

 

26. Innovative Technology Risk: Assesses the degree of risk associated with the proposed IT 

project due to the lack of understanding of the technology being implemented by the 

organisation. Innovative IT projects may be too complex for the organisation�s existing IT 

infrastructure. 

27. Technical Support Uncertainty: Assesses the degree of risk associated with the proposed IT 

project due to the lack of understanding of the required technical support. Innovative IT 

projects may be too complex for the organisation�s IT staff to implement. 

28. Technology Suitability Uncertainty: Assesses the degree of risk associated with the 

proposed IT project due to the lack of understanding of the suitability of the IT project for 

the organisation. 

 

Technology Infrastructure Risk (IR) 

 

29. Management Commitment: Assesses the degree of risk associated with the proposed IT 

project due to the lack of management commitment to the proposed IT infrastructure. 

30. Infrastructure Requirements: Assesses the degree of risk associated with the proposed IT 

project due to the existing IT infrastructure failing to support the new IT project.  

 

5.9.3  Developing a hierarchy of intangible criteria and sub-criteria 

 

To enable effective assessment of proposed IT projects the above detailed criteria and sub-

criteria need to be grouped into a structured hierarchy. This structured hierarchy will enable 

weighing of criteria and sub-criteria and evaluation of proposed IT projects against sub-criteria. 

The framework hierarchy is composed of four levels. Level 1 is associated with the objective, 

which is related to the projected outcome (the ranking of proposed IT projects). This level ranks 

IT projects based on the weighted combination of value and risk utility values obtained from 

Level 2. Level 2 consists of the two primary assessment drivers: value and risk. The value and 

risk drivers consist of nine (9) main criteria, based on IE theory (Level 3). Level 4 is divided 

into a total of 30 identifiable sub-criteria, discussed previously. Figure 5.5 illustrates the 

hierarchical nature of the proposed IT project selection framework.  
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5.10 STEP 2: Define Possibility Distribution for Each Factor 

 

5.10.1 Why possibility theory? 

 

Traditional economic measurement techniques, such as ROI, NPV and IRR, are incapable of 

taking into account intangible or �soft� factors, including quality, accuracy and security (Irani et 

al., 2001). Additionally, the benefit evaluation process is further complicated by the 

uncertainties resulting from limited or incomplete knowledge and/or the inability to predict 

costs and benefits in relation to their value and/or time of occurrence (Wong and Norman, 

1996). In the decision-making context, those uncertainties give rise to risks which can be 

compounded by the size and complexity of the project, the �newness� of the technology, the 

degree of �structuredness� in the project, and other human, political and cultural factors (Irani et 

al., 2001). 

 

In recent years, there has been growing interest in developing decision-making tools to aid the 

IT project selection process. These decision-making tools include scoring (Lucas and Moore, 

1976), ranking (Buss, 1983), goal programming (Badri et al., 2001), option pricing theory (Ho 

and Liu, 2000), probability theory (Marsh and Flanagan, 2000), possibility theory (Coffin and 

Taylor, 1996), analytical hierarchy process (Tam and Tummala, 2001) and information 

economics (Parker et al., 1988). These tools are based on the premise of selecting the project(s) 

that will best meet the organisation�s objectives. In doing so, organisations are expected to be 

able to critically evaluate each project, based on the estimated total benefit and costs. In view of 

the uncertainties mentioned above, tools that are based on scoring or ranking methods ignore the 

limitations of real world resource constraints (Lee and Kim, 2001). A shortcoming of goal 

programming is the lack of a systematic approach that sets priorities and trade-offs among 

objectives and criteria (Reza et al., 1988). The major limitation of the option pricing theory is its 

single criterion approach, which handles the uncertainty of financial decisions but ignores 

intangible criteria (Mohamed and Stewart, 2001). While probability theory can be a powerful 

tool in approximate circumstances, many times the type of uncertainty encountered in IT 

projects does not fit the axiomatic basis of probability theory (Mohamed and McCowan, 2001).  

 

Possibility theory is an appropriate vehicle for handling uncertainty as it is based on the concept 

that all values, within a certain range, are possible, with the exact value being unknown. A range 

of values, or an interval, is assigned subjectively, but the individual values in the interval are not 

assigned a relative belief value. An expert may feel that a given parameter is within a certain 

range and may even have an intuitive �feel� for the �best� value within that range. Possibility 

theory has been used successfully in a wide range of engineering and scientific fields, including: 
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project scheduling and network analysis (Lorterapong and Moselhi, 1996), contract selection 

and decision-making (Wang et al., 1996), and safety performance (Tam and Fung, 1996).  

 
In view of the above assessment, I have concluded that the possibility theory appears to be the 

most appropriate of the available techniques, under the circumstances, for modelling IT project 

investment decisions. 

 

5.10.2 Possibility distribution theory 

 

The first step in using possibility theory as a modelling tool is the defining of each factor as a 

possibility distribution. The form of possibility distribution is determined by its membership 

function, µ(x). When the factor�s value is possible, it has a membership value of 1, and when its 

value is impossible, it has a membership value of zero. The factor can also have a possibility 

distribution between these units. For the purpose of the IT project selection framework, it is 

assumed that the distributions will be one of the following four types (see Figure 5.6): 

 

(a) A single value: Inputs include no uncertainty in the value and are thus called �crisp�. It is 

the form commonly used in traditional modelling. Figure 5.6(a) shows an example of an IT 

project cost of $50,000. 

(b) An interval number: Used to represent a value that is equally possible between a given 

range, a to b, but is impossible outside that range. It can be represented by what is called a 

crisp set, because its membership value, µ(x), jumps abruptly from a value of one at its 

lower and upper bounds, a and b, to a value of zero just beyond these bounds. An example 

of an IT project ranging in cost from $40,000 to $60,000 is represented in Figure 5.6(b). 

(c) A triangular distribution: Used to define values that are uncertain and typically described 

by language such as �about 50%�. As its name suggests, it is defined by three points, the 

most likely, and an upper and lower least likely value. Triangular distributions fall into the 

category of a truly fuzzy number as the membership function cannot only be equal to zero 

or one, but any value in between. The distribution of IT project costs �about $50,000� is 

shown in Figure 5.6(c).  

(d) A trapezoidal distribution: Used to represent data that can be defined by �a most-likely 

range� and �a least likely range�. It is also classed as a fuzzy number because, between the 

most and least likely ranges, the value of the membership function lies between zero and 

one. Figure 5.6(d) depicts the distribution of IT project costs with a most likely range of 

$40,000 and $50,000 and a least-likely range of $35,000 to $60,000 (note that distribution is 

not necessarily symmetrical). 
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Figure 5.6 Possibility theory distribution types 

 

Although the example illustrates a monetary possibility distribution, the concept can be applied 

in the same way for non-monetary (intangible) factors. 

 

5.10.3 Define monetary (tangible) distributions 

 

(a) IT project cost possibility distribution 

 

For each stage of the IT project lifecycle, the IRC needs to estimate direct and indirect IT 

project costs. As detailed in Step 1(a), the IRC should set up a series of activity cost matrices for 

each stage of the IT project lifecycle. Table 5.5 details an activity cost matrix for the start-up 

stage of the IT project lifecycle. This step allows the IRC to define the appropriate possibility 

distribution for each factor in dollar values. For the purpose of modelling it is assumed that each 

factor will be entered as one of the following four forms (see Figure 5.6).  

 

• A single deterministic value (with 100% certainty): e.g. support services for the work 

process evaluation activity is defined by a fixed figure of $10,000, represented by 10 in 

Table 5.5;  
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• A closed interval (defined by an equally likely range): e.g. support services for the 

requirements definition activity is defined by a closed interval of $4,000 to $10,000,  

represented by 4,10 in Table 5.5;  

• A triangular distribution (defined by a most likely value): e.g. support services for software 

costs have a most likely value of $2,000, with lower and upper least likely values of $1,000 

and $3,000 respectively, represented by 1,2,3 in Table 5.5; and  

• A trapezoidal distribution (defined by a most and least likely range): e.g. support costs for 

the development of performance measures activity is defined by a most likely range of 

$5000 to $6,000, with lower and upper least likely values being $4,000 and $10,000 

respectively, represented by 4,5,6,10 in Table 5.5. 

 

These defined cost distributions for each activity need to be related to a particular year of the IT 

project lifecycle to enable them to be discounted to present day. For example, the start-up 

activity detailed in Table 5.5 takes place at the start of the IT project lifecycle (Year 0) and thus 

the resulting distribution is displayed in �the year 0 row� of the annual cost matrix. However, 

other activities, such as operation and maintenance, take place throughout the IT project 

lifecycle. In these cases, an activity cost matrix, similar to Table 5.5, needs to be developed for 

each year of the IT project lifecycle. Completing this exercise for each activity over each year of 

the IT project lifecycle will enable the creation of an annual cost matrix for proposed IT 

projects. Table 5.6 illustrates an example of an annual cost matrix for a proposed IT project 

spanning a ten-year period. The net IT project cost distribution for each project can be 

calculated by discounting values to a Net Present Value (NPV) (see Step 3). 

 

(b) IT project benefit possibility distribution 

 

The IT project benefit possibility distributions are defined in a similar manner to the IT project 

costs.  Once the monetary (tangible) benefit factors of the IT project have been identified, the 

extent of the benefit created by the proposed IT project can be estimated using the four 

possibility distribution forms detailed previously (single, closed interval, triangular and 

trapezoidal). As identified earlier, the ability to easily determine tangible savings, as a result of 

IT expenditure is extremely difficult. Typically, only a few tangible benefits can be evaluated by 

the IRC. Continuing with the example, we can now illustrate some tangible benefits resulting 

from the implementation of a proposed Project Management Information System (PMIS) by a 

construction organisation. The possibility distributions for these tangible benefits will be 

defined in the following paragraph. 
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Table 5.5 Activity cost matrix for start-up stage of IT project lifecycle 
Activities Cost Categories  

$ (000�s) Problem 
definition 

Work process 
evaluation 

Requirements 
definition 

Security 
plan 

Performance 
measures 

Feasibility 
study 

Hardware 0 0 0 0 0 0 
Software 0 0 0 0 0 0 
Services 0 0 0 0 0 0 
Support services 0 10  4,10 1,2,3 4,5,6,10 3,5 
Supplies  0 0.1 0.1 0 0.1 0.1 
Personnel 5,8 0.5,1 5,6,7 0.5 4,5,6,10 6,8,10 
Consultant services 0 0 0 0 0 0 

 
 

Table 5.6 Annual cost matrix for each stage of the IT project lifecycle  

IT Project Stage Costs $ (000�s) Year 
Start-up Acquisition Development Operation Maintenance 

0 100 80,100,120 800,900,1000 - - 
1 - - - 150,250,300 60,70,80,90 
2 - - - 150,250,300 60,70,80,90 
3 - - - 150,250,300 60,70,80,90 
4 - - - 150,250,300 60,70,80,90 
5 - 50,60 - 150,250,300 85,120,130,140 
6 - 50,60 - 150,250,300 80,100,120,150 
7 - - - 150,250,300 90,110,130,160 
8 - - - 150,250,300 80,100,120,150 
9 - - - 150,250,300 80,100,120,150 

10 - - - 150,250,300 70,80,90,100 
 

 

Consider that the construction organisation is proposing to implement this PMIS to enhance the 

information management process on a large multi-disciplinary construction project. The IRC 

determines that the PMIS has the potential to considerably reduce the overhead costs on the 

construction project. The IRC determined seven major overhead costs that could be directly 

affected through the use of the PMIS. These seven overhead costs were: 

 

• Plan printing: reduction of numbers of prints through centralised management and user 

demand printing; 

• Paper supplies: reduction of overall paper consumption; 

• Photocopier/fax hire: reduction of hire charges, based on a reduced number of copies; 

• Couriers: reduction of physical exchange of documents. All exchange is via the PMIS; 

• Photography: elimination of traditional chemical based processing with the use of a digital 

camera; 

• Interstate travel: reduction of travel requirements due to improved communication and 

video conferencing; and 

• Telephone/mobile: reduction in the number of calls due to improved communication. 
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Table 5.7 details the identified overhead costs and potential savings that could be realised 

through implementing the proposed PMIS for this construction project. Business As Usual 

(BAU) costs represent the average costs of a particular project overhead of a similar nature, 

undertaken by the organisation. The IRC determines the possibility distribution for each 

overhead factor, based on the four forms defined earlier, viz. single value, interval number, 

triangular distribution and trapezoidal distribution. Once the possibility distribution of each 

overhead cost is defined, the overall cost savings or �tangible benefits� can be calculated in Step 

3. 

 

In the example supplied above, the tangible benefits resulting from the PMIS are specific to the 

first construction project undertaken with this new technology. Consider that the PMIS will be 

used on numerous construction projects over a ten-year period. In this case, annual benefits 

resulting from the implemented PMIS need to be evaluated by the IRC over its entire lifecycle 

in a similar fashion to the IT project costs. The IRC needs to consider that cost savings may 

improve with continual usage of the PMIS. Although unbeknown by the IRC when making 

selection decisions, cost savings may go from a trapezoidal distribution to a single deterministic 

value over the PMIS lifecycle. Table 5.8 illustrates the annual benefits matrix for a proposed 

PMIS. 

 

Table 5.7 Overhead cost savings possibility distribution  

Overhead costs 
(factors) 

Business As Usual 
(BAU) costs (000�s $) 

Cost savings possibility 
distribution (%) 

Cost savings 
possibility 

distribution  (000�s $) 
Plan printing 235 0.1,0.2,0.3 23.5,47,70.5 
Paper supplies 33 0.1,0.15,0.2,0.6 3.3, 4.95,6.6,19.8 
Photocopier/fax hire 63 0.1 6.3 
Couriers 76 0.4,0.5,0.6,0.9 30.4,38,45.6,68.4 
Photography 4 0.4,0.5,0.9 1.6,2,3.6 
Interstate travel 240 0.1,0.2,0.5 24,48,120 
Telephone/mobile 650 0.1,0.2,0.3,0.6 65,130,195,390 

 

Table 5.8 Annual benefits matrix for proposed PMIS 

Year Cost savings possibility distribution (000�s $) 
0  
1 130,142,152,192 
2 135,149,158,216 
3 147,158,179,232 
4 150,167,191,263 
5 203,222,252,278 
6 256,265,277,296 
7 281,333,384,399 
8 325,356,421,436 
9 380,385,430,450 

10 430,452,463,472 
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The resultant benefit possibility distribution for the defined benefits of each IT project proposal 

is calculated in Step 3. The net IT project benefit distribution for each project can be calculated 

by discounting values to a Net Present Value (NPV) (see Step 3). 

 

5.10.4 Define non-monetary (intangible) distributions 

 

After identifying the relevant criteria and sub-criteria for each IT project proposal, the IRC can 

begin to define their possibility distributions. As detailed in Step 1, 30 generic sub-criteria 

(factors) have been identified to evaluate the derived intangible value and risk generated by an 

IT investment. Also, as previously mentioned, these factors should not be considered fixed and 

should be adapted individually by organisations.  

 

The value and risk associated with each factor is subjectively established using a predetermined 

scale, 0-10 (see Table 5.9). In the relative scale shown in Table 5.9, value is defined as the 

predicted value added to the sub-criteria (factor) due to the implementation of the IT project. 

Risk is defined as the product of the probability of the event and the associated severity (loss), 

e.g. high, medium and low severity. The determination of value and risk is based on available 

information on the proposed IT project. Since the model relies on the subjective assessment of 

value and risk factors, it is important that scores are based on reliable sources and clear 

judgement. Figure 5.7(a) and (b) describes the value and risk linguistic variables, respectively, 

for the universal set U = [0,10] or operating domain x. Triangular and trapezoidal distributions 

reflect the value and risk linguistic range detailed in Table 5.9. 

 
 
Table 5.9 Value and risk assessment scale 

Value Linguistics  Possibility 
Degree of Value Definition Distribution 
No Value The IT project adds no value to the sub-criteria (factor) [0,0,1,3] 
Low Value The IT project adds little value to the sub-criteria (factor) [1,3,5] 
Moderate Value The IT project adds moderate value to the sub-criteria (factor) [3,5,7] 
High Value The IT project adds high value to the sub-criteria (factor) [5,7,9] 
Very High Value The IT project adds very high value to the sub-criteria (factor) [7,9,10,10] 
Risk Linguistics  Possibility 
Degree of Risk Definition (Pr. = Product of) Distribution 
No Risk Pr. (lowest probability of failure, lowest severity of failure) [7,9,10,10] 
Low Risk Pr. (low probability of failure, low severity of failure) [5,7,9] 
Moderate Risk Pr. (moderate probability of failure, moderate severity of failure) [3,5,7] 
High Risk Pr. (moderate-high probability of failure, high severity of failure) [1,3,5] 
Prohibitive Risk Pr. (high probability of failure, very high severity of failure) [0,0,1,3] 
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(a) Terms of linguistic variable �Value�

(b) Terms of linguistic variable �Risk�

µ(x)
Risk

0 1 3 5 7 9 10 x

Prohibitive High Moderate Low No1

µ(x)
Value

0 1 3 5 7 9 10 x

No Low Moderate High Very High1

 

Figure 5.7 Terms of linguistic variables value and risk 

 
 
Table 5.10 Value factors possibility distributions for three sample IT Projects  

Value Assessment Level 3 
Value Criteria (0.5) 

Level 4 
 Value Sub-criteria Project A Project B Project C 

    
1. Profitability and growth  No Low Low 
2. Shareholder value  Low Low Low Financial Strategy (FS)  

 
3. Business value of IT project   Moderate Moderate Low 

    
4. Corporate strategy realised through IT     High Moderate Moderate 
5. Organisational requirements    Moderate Moderate Low Strategic Match (SM)  
6. Organisational impact  Low Low Moderate 

    
7. Market leadership  High High Very High 
8. Business process re-engineering  Moderate Moderate Very High 
9. Strategic value to business  Low Very High High 

Competitive Advantage 
(CA)  
 

10. Business opportunities  Moderate Moderate Very High 
    

11. Technology integration Low Low Low 
12. Efficiency improvement  Moderate Low Moderate 
13. Training and support  No High Low 
14. User satisfaction  Moderate Low No 

Strategic Architectural 
Alignment (SA)  

15. Quality improvements  Low Moderate Low 
    

16. Information quality and reliability High Low Low 
17. Management specifications Moderate Moderate Very High Management Information  

(MI)  
18. Administration specifications Low Very High High 
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Using the value and risk assessment scale detailed in Table 5.9, the possibility distributions for 

each value and risk factor can be established. Table 5.10 displays sample linguistic assessments 

of value factors for the three proposed IT projects being considered by a construction 

organisation. The linguistic assessment of the various value and risk sub-criteria relates to the 

possibility distribution membership functions detailed in Table 5.9. A similar table to Table 

5.10 needs to be developed for the risk factors applicable to the proposed IT projects. Once 

value and risk possibility distributions have been developed for each sub-criterion, the IRC 

needs to develop the aggregated possibility distribution for non-monetary (intangible) factors. 

Step 3 develops the aggregated possibility distribution through the weighted combination of 

factors using AHP theory.  

 

5.11 STEP 3(a): Develop Aggregated Possibility Distribution (Monetary Factors) 

 

Applying the conventional time-cost-of-money principle, the NPV for all monetary factors can 

be calculated. To facilitate the arithmetic manipulation (addition and multiplication) of the 

possibility distributions, the vertex method (Dong et al., 1987) has been utilised. Also, the 

following three assumptions were made: 

 

• Monetary factors (prior to IT project implementation) take place in Year (0); 

• Monetary factors (during operation of the IT project) are converted to Year (0) i.e. ��ve cost 

outflow and +�ve benefits in-flow; and  

• Cash flow discount and tax rates can be represented by any of the above four forms of 

possibility distribution. 

 

5.11.1 Vertex method 

 

The vertex method makes use of the α-cut representations of the fuzzy sets. While it is an 

approximate computational technique, it is highly efficient when compared to the exact method 

of non-linear programming, with an accuracy that is much better than the conventional 

discretion approach (Dong et al., 1987). Suppose y is a function of n variables; i.e. y = f(x1, 

x2,�, xn) and each xi, i = 1,�,n is an interval variable represented by Xi = [ai, bi]. Assuming that 

y is continuous in the n-dimensional rectangular region with 2n vertices, then the value of the 

interval function can be obtained by: 

 
),,,( 21 nXXXfY K=        (5.1) 

 
  n

jjjj jfcfcY 2,,1)(max),(min K==     (5.2) 
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where cj is the ordinate of the jth vertex. The algorithm consists of the following four steps: 

 

1. Select an α value where 0 < α < 1. 

2. Find the interval(s) in X and Y which correspond to this α, these intervals are known as α-

cuts. 

3. Using the binary algebraic operations on intervals, compute the interval(s) of f(x) 

corresponding to those of X and Y. 

4. Repeat the above steps for different values of α to complete an α-cut representation of the 

solution. Processing more α-cuts, however, increases the computational requirements. 

 

Example: A and B are a triangular (0.4, 0.5, 0.6) and a trapezoidal (0.3, 0.4, 0.5, 0.7) possibility 

distribution, respectively. If C = A + B, an appropriate calculation of C is as follows: 

 

1. Take an α-cut at 0.0, A0.0 = [0.4, 0.6] and B0.0 = [0.3, 0.7], thus C0.0 = [0.7, 1.3] 

2. Take an α-cut at 1.0, A1.0 = [0.5] and B1.0 = [0.4, 0.5], thus C1.0 = [0.9, 1.0] 

3. The resulting distribution C =  [0.7, 0.9, 1.0, 1.3] is shown in Figure 5.8. 
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0.4  0.6 X
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+

=
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Figure 5.8 Applying the vertex method 
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5.11.2 Develop the resultant cost and benefit distribution 

 

The NPV approach is used to enable a direct comparison between tangible costs and benefits of 

proposed IT projects. To facilitate this comparison, IT project costs and benefits are converted 

back to a Net Present Value (NPV). The IRC must ensure that costs and benefits are grouped 

separately and are signified by a negative and positive monetary value. The following basic 

formulae for the NPV analysis are used to calculate the time value of money: 
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Where, P is the present value, F is the future value, A is the uniform annual amount, n is the 

number of investment periods and i is the interest rate in decimal form. 

 

Example (cost): considering Table 5.6, the annual operational cost for the proposed IT project 

has a triangular possibility distribution of A = [150, 250, 300] from year 1-10. An economic 

forecast produced a triangular discount rate (i) possibility distribution of [0.08,0.09,0.1] over the 

next n = 10 years. Using Equation 5.4, detailed above, and the vertex method, the NPV of 

operating costs can be calculated as: 

 

1. Take an α-cut at 0.0, A0.0 = [150, 300] and i0.0 = [0.08, 0.1], calculating P0.0: 

[ ] [ ]( )( )
[ ] [ ]( )

]2013,922[
1.0,08.011.0,08.0
11.0,08.01300,150 10

10

=
+

−+=P  

2. Take an α-cut at 1.0, A1.0 = [250] and i1.0 = [0.09], thus P1.0: 

[ ] [ ]( )( )
[ ] [ ]( )

]1604[
09.0109.0

109.01250 10

10

=
+

−+=P  

3. The resulting possibility distribution P =  [922,1604,2013]  

 

Converting each IT project cost back to a NPV will establish the aggregated cost possibility 

distribution for the proposed IT project. Benefit calculations are undertaken in a similar manner 

to the example provided above. The following example illustrates the converting of a benefit 

possibility distribution, experienced during the IT project lifecycle, to a NPV.  
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Example (benefit): considering the annual benefit possibility distribution detailed in Table 5.8, 

the possibility distribution for year five (5) (i.e. n = 5) is F = [203, 222, 252, 278]. An economic 

forecast produced a triangular discount rate (i) possibility distribution of [0.08,0.09,0.1]. Using 

Equation 5.3, detailed above, and the vertex method, this future value can be converted to a 

present day value P.  

 

1. Take an α-cut at 0.0, F0.0 = [203,278] and i0.0 = [0.08, 0.1], calculating P0.0: 

[ ] ]189,126[
)1.0,08.01(

]278,203[
5 =

+
=P  

2. Take an α-cut at 1.0, F1.0 = [222,252] and i1.0 = [0.09], thus P1.0: 

[ ] ]164,144[
)09.01(
]252,222[
5 =

+
=P  

3. The resulting possibility distribution is:  

 

P =  [126,144,164,189]  

 

Converting the remaining benefit possibility distributions to a NPV will establish the aggregated 

benefit possibility distribution for the proposed IT project. 

 

5.11.3 Combining cost and benefit possibility distributions 

 

A large majority of benefits derived from proposed IT investments are intangible in nature and 

are assessed using the non-monetary (intangible) model. Tangible benefits resulting from a 

strategic or tactical IT project proposal are typically small, and direct and indirect costs of the IT 

project proposal are large in comparison. In most cases, the resultant monetary (tangible) 

possibility distribution, which combines the tangible aggregated cost and benefit possibility 

distributions, will be negative.  

 

Three cases exist for the resultant monetary distribution: (a) a positive NPV possibility 

distribution; (b) a negative NPV possibility distribution: and (c) a positive/negative possibility 

distribution. Figure 5.9 details these three possibility distributions. Continuing with the 

example detailed previously we can now illustrate the combination of the resultant cost and 

benefit possibility distribution using the vertex method. 
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Figure 5.9 Three types of resultant possibility distributions 

 

Example (cost + benefit): The resultant cost (C) and benefit (B) NPV possibility distributions 

are C = [-486,-426,-382,-333] and B = [115,255,333,522]. The combined cost and benefit 

possibility distribution (C + B) is calculated using the vertex method as follows. 

 

1. Take an α-cut at 0.0, C0.0 = [-486,-333] and B0.0 = [115,522], calculating C0.0 + B0.0: 

[ ] 189,371522333,1154860.00.0 −=+−+−=+ BC [ ]

[ ]

 

2. Take an α-cut at 1.0, C1.0 = [-426,-382] and B1.0 = [255,333], calculating C1.0 + B1.0: 

[ ] 49,171333382,2554260.10.1 −−=+−+−=+ BC  

3. The resulting possibility distribution R = [-371,-171,-49,189]. Figure 5.10 illustrates the 

resultant possibility distribution. 

 

Unlike construction projects undertaken by the organisation, a negative NPV resultant non-

monetary possibility distribution does not immediately imply that the IT project is not viable. 

Strategic IT project proposals have numerous intangible benefits which can outweigh the 

tangible benefits of the IT project. 
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Figure 5.10 Resultant possibility distribution 

 

5.12 STEP 3(b): Develop Aggregated Possibility Distribution (Non-monetary Factors) 

 

Step 3 incorporates three major steps to establish the aggregated non-monetary possibility 

distribution. The first of these steps is to weigh the value and risk factors using the Analytical 

Hierarchy Process (AHP). The second step is to combine the weighted possibility distributions 

of value and risk factors using the Averaging Method. The final step is to combine the 

aggregated value and risk possibility distributions using the Averaging Method. These three 

steps are described in detail as follows. 

 

5.12.1 Weight selection factors 

 

The AHP enables the decision-makers to structure a complex problem in the form of a simple 

hierarchy and to evaluate a large number of quantitative and qualitative factors, in a systematic 

manner, under conflicting multiple criteria. For further information on AHP, readers are referred 

to Chapter 4. The relative standing power of the criteria and sub-criteria, with respect to the 
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projected outcome (ranking of the IT projects), can be assessed using the AHP pairwise 

comparison procedure. Saaty (1990) developed the fundamental scale, detailed in Table 5.11, to 

assist in the making of pairwise comparison judgements. Several commercial software packages 

are available to assist in conducting an AHP analysis, such as Expert Choice, Criterium, and 

HIPRE3+.  

 

5.12.2 Combining non-monetary possibility distributions � averaging method 

 

Fuzzy averaging is the aggregation of opinions (given as fuzzy numbers) regarding the 

uncertainty associated with the various criteria, in order to obtain an overall picture or 

conclusion about the situation. The fuzzy average (Bojadziev and Bojadziev, 1996), Vi, is given 

by: 
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where Vi is the fuzzy aggregate assessment of the proposed IT project, wj is the weight given by 

the criterion j, and pij is the characteristic value associated with each criterion. Utilising the 

weighting�s established through AHP analysis, using Expert Choice (2000) software and the 

intangible possibility distributions defined for each �value� and �risk� factor, the fuzzy aggregate 

assessment (Vi) can be calculated for non-monetary (intangible) factors. The following section 

illustrates the calculation of the resultant aggregated �value� possibility distribution.  

 

 

Table 5.11  Pairwise comparison scale (adapted from Saaty, 1990) 
Intensity of importance 
on an absolute scale 

Definition Explanation 

1 Equal importance Two indicators contribute equally to the objective 
3 Moderate importance of one 

over another 
Experience and judgement moderately favour one indicator over 
another 

5 Essential or strong importance Experience and judgement strongly favour one indicator over 
another 

7 Very strong importance An indicator is strongly favoured and its dominance demonstrated 
in practice 

9 Extreme Importance The evidence favouring one indicator over another is of the 
highest possible order of affirmation 

2,4,6,8 Intermediate values between 
the two adjacent judgements 

When compromise is needed 

Reciprocals Ratios arising from assigned 
ratings 

If indicator i has one of the above numbers assigned to it when 
compared with indicator j, then j has the reciprocal value when 
compared to i 

Rationales Ratios arising from the scale If consistency were to be forced by obtaining n numerical values 
to span the matrix 
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5.12.3 Obtaining the resultant non-monetary possibility distribution 

 

In Step 2 of the procedure, the possibility distribution of each non-monetary factor was defined 

by the IRC. Table 5.10 provides sample possibility distributions for the �value� factors of the 

non-monetary (intangible) model. The following example will illustrate the calculation of the 

resultant non-monetary possibility distribution using AHP and the Averaging Method. The 

following example also illustrates the calculation of the resultant non-monetary possibility 

distribution using �Project A� results from Table 5.10. 

 

Table 5.12 provides an example of the results calculated using the �value� component of Project 

A. The table is composed of Level 3 criteria (IE criteria) and Level 4 sub-criteria (factors). The 

weighting at Level 3 and Level 4 are derived by pairwise comparison and are denoted in 

brackets after each criteria and sub-criteria (i.e. L2: 0.116 represents Level 2: Weighting 0.116). 

To obtain the weighted assessment for each IT factor, its relative weighting at Level 3 is 

multiplied by the Level 4 relative weighting and then multiplied by the factor�s possibility 

distribution (e.g. 1. Profitability and growth weighted assessment = 0.116 × 0.323 × [0,0,1,3] = 

[0,0,0.0375,0.1124]). An aggregated �value� possibility distribution of [2.81,4.68,4.87,6.75] was 

obtained for Project A by the summation of each IT factor�s weighted assessment score, using 

the vertex method. A �value� score of [2.81,4.68,4.87,6.75] signifies that the IT project will 

probably add moderate value to the organisation, but possibly a low or high value to the 

organisation. Results are calculated and tabulated for �risk� in a similar fashion to Table 5.12 

for each IT project alternative. Once the �value� and �risk� results have been obtained for each 

alternative, they can be combined using the Averaging Method. The resultant aggregated 

possibility distribution, incorporating both �value� and �risk�, can be calculated directly by the 

IRC, if desired. Using the full hierarchy of �value� and �risk� factors and the AHP process, the 

aggregated non-monetary possibility distribution can be calculated in one step. 

 

Let us suppose that the risk possibility distribution was calculated to be [4.21,5.82,6.33,7.55] 

through the same process described for the value factors. Then the IRC needs to determine the 

weighting of the �value� and �risk� possibility distributions so that these values can be combined 

using the Averaging Method. A risk seeking organisation may assign a low weighting for risk 

factors (0.2-0.4); a risk neutral organisation may assign a neutral weighting to risk factors (0.5); 

and a risk averse organisation may assign a high value to risk factors (0.6-0.8). If we consider a 

risk neutral organisation for our example, adopting a 0.5 (50%) weighting for risk factors, the 

combined non-monetary possibility distribution is equal to: 
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= 0.5(Aggregated value distribution) + 0.5(Aggregated risk distribution)  

 = 0.5 × [2.81,4.68,4.87,6.75] + 0.5 × [4.21,5.82,6.33,7.55] 

 = [(1.405 + 2.105),(2.34 + 2.91),(2.435 + 3.165),(3.375 + 3.775)] 

 = [3.51,5.25,5.60,7.15]  

 

Therefore, the combined non-monetary (intangible) possibility distribution is equal to 

[3.51,5.25,5.60,7.15]. A combined non-monetary distribution is calculated for each IT project 

proposal considered by the organisation. The final step of the process is the combination of the 

resultant monetary and non-monetary distribution using the Averaging Method. 

 

Table 5.12 Aggregated �value� possibility distribution for Project A 

Project A Value Assessment Level 3 
Value Criteria  

Level 4 
 Value Sub-criteria (IT factors) Possibility 

Distribution 
Weighted Possibility 

Distribution 
Total Financial Strategy (FS) (L3: 0.116)   

1. Profitability and growth (L4: 0.323) 0,0,1,3 0,0,0.0375,0.1124 
2. Shareholder value (L4: 0.417) 1,3,5 0.0484,0.1451.0.2419 

Financial Strategy (FS)  
(L3: 0.116) 
 3. Business value of IT project  (L4: 0.260) 3,5,7 0.0905,0.1508,0.2111 
Total Strategic Match (SM) (L3: 0.198)   

4. Corporate strategy realised through IT (L4: 
0.621)     

5,7,9 0.6148,0.8607,1.1066 

5. Organisational requirements  (L4: 0.182) 3,5,7 0.1081,0.1802,0.2523 
Strategic Match (SM) 
(L3: 0.198) 

6. Organisational impact (L4: 0.197) 1,3,5 0.039,0.1170,0.1950 
Total Competitive Advantage (CA) (L3: 0.415)   

7. Market leadership (L4: 0.311) 5,7,9 0.6453,0.9035,1.1616 
8. Business process re-engineering (L4: 0.163) 3,5,7 0.2029,0.3382,0.4735 
9. Strategic value to business (L4: 0.288) 1,3,5 0.1195,0.3586,0.5976 

Competitive Advantage (CA) 
(L3: 0.415) 
 

10. Business opportunities (L4: 0.238) 3,5,7 0.2963,0.4939,0.6914 
Total Strategic Architectural Alignment (SA) (L3: 0.132)   

11. Technology integration (L4: 0.2) 1,3,5 0.0264,0.0792,0.1320 
12. Efficiency improvement (L4: 0.2) 3,5,7 0.0792,0.1320,0.1848 
13. Training and support (L4: 0.2) 0,0,1,3 0,0,0.0264,0.0792 
14. User satisfaction (L4: 0.2) 3,5,7 0.0792,0.1320,0.1848 

Strategic Architectural 
Alignment (SA) (L3: 0.132) 

15. Quality improvements (L4: 0.2) 1,3,5 0.0264,0.0792,0.1320 
Total Management Information  (MI) (L3: 0.139)   

16. Information quality and reliability (L4: 0.323) 5,7,9 0.2245,0.1343,0.4041 
17. Management specifications (L4: 0.411) 3,5,7 0.1714,0.2856,0.3999 Management Information  

(MI) (L3: 0.139) 
18. Administration specifications (L4: 0.266) 1,3,5 0.0370,0.1109,0.1849 

Aggregated Value Possibility Distribution (Using Vertex Method) [2.81,4.68,4.87, 6.75] 

 
 

5.13 STEP 4: Create Resultant Combined Possibility Distribution  

 

The combination of two possibility distributions is the process of forming one possibility 

distribution from two. In the case where the ranges of values are different in magnitude and unit, 

the distribution values must first be modified so that they have the same range and units. Thus, 

they are converted into their �normalised� form. Non-monetary values are already on a scale 

from 0-10 and do not need to be normalised. However, monetary values have a $ unit and a 

magnitude range that varies from IT project to project. Monetary values need to be normalised 

to enable their combination with the non-monetary values. As mentioned earlier, the resultant 
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monetary possibility distribution can have a negative NPV, a positive NPV or a 

negative/positive NPV. The process of normalising resultant possibility distributions begins 

with selecting the maximum and minimum value from the IT project proposals. These values 

are set as one and zero respectively and the remaining possibility values are assigned a relative 

value between this region. The following example illustrates the normalising of resultant 

monetary possibility distributions. 

 

Example (normalising resultant monetary possibility distributions): A construction 

organisation was considering three IT project proposals (A, B and C) to re-engineer an existing 

organisational process. The resultant monetary distribution for the three proposals were A = [-

523,-345,-296,-194], B = [-421,-170,-120,30] and C = [-621,-323,-211,121], where each value 

represents (000�s $) i.e. �523 represents $523,000 (outflow). Figure 5.11(a) illustrates the range 

of resultant monetary distributions for IT project proposal A, B and C. The normalised resultant 

monetary possibility distributions for IT project proposals A, B and C are: 

 

Min value = -621, becomes [0] on normalised scale 

Max value = 121, becomes [10] on normalised scale 

Value range (R) = Max � Min = 121 + 621 = 742 

Normalised value for Project A: 
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The normalised values are calculated for projects B and C in the same manner and their 

resulting normalised distributions are [2.70,6.10,6.80,8.80] and [0,4.00,5.50,10.00], 

respectively. Figure 5.11(b) details the normalised resultant possibility distribution for IT 

project proposals A, B and C. 

 

Once the resultant monetary possibility distributions have been normalised, they can be 

combined with the resultant non-monetary possibility distribution to form the one distribution. 

The Averaging Method detailed earlier is used to combine the monetary and non-monetary 

possibility distributions. The IRC of the organisation must weigh the monetary and non-

monetary possibility distributions to enable their combination. Typically, the two possibility 

distributions are weighted evenly and combined by the organisation, but in some cases the IRC 
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may assign higher weighting to one of the possibility distributions. However, a construction 

organisation with a strategic outlook may assign the non-monetary (intangible) possibility 

distribution with high weighting. Moreover, an organisation, which is focused on achieving 

tangible benefits from their IT investments, may assign the monetary (tangible) possibility 

distribution high weighting. The following example will illustrate the combination of the 

resultant monetary and non-monetary possibility distributions. 

 

Example (combined resultant possibility distribution): The resultant non-monetary 

possibility distribution was calculated in the Step 3(b) example as [3.51,5.25,5.60,7.15]. The 

normalised monetary possibility distribution, obtained for Project A in the previous section, was 

calculated as [1.30,3.70,4.30,5.80]. The resultant non-monetary possibility distribution can now 

be combined with the normalised resultant monetary possibility distribution using the 

Averaging Method. An equal rating was adopted for the example (i.e. 0.5).  

 

= 0.5 × (Monetary distribution) + 0.5 × (Non-monetary distribution)  

 = 0.5 × [1.30,3.70,4.30,5.80] + 0.5 × [3.51,5.25,5.60,7.15] 

 = [(0.65 + 1.76),(1.85 + 2.63),(2.15 + 2.80),(2.90 + 3.58)] 

 = [2.41,4.48,4.95,6.21]  

 

Therefore, the resultant combined possibility distribution for the sample IT project proposal is 

[2.41,4.48,4.95,6.21]. A resultant combined possibility distribution is obtained for the remaining 

IT project proposals being considered by the organisation. The last step to the IT project 

selection process is the ranking of the proposed IT projects.  

 

5.14 STEP 5: Ranking IT Projects 

 

5.14.1 Ranking two or more distributions � the ranking index model 

 

Fuzzy researchers have developed numerous ranking algorithms in the past decade (Tseng and 

Kliens, 1989; Choobineh and Behrens, 1992; Choobineh and Li, 1993). An index for ranking 

fuzzy numbers that is suitable for economic analysis has been proposed by Smith (1995). This 

index is based on the difference in area of a rectangle and the area under a possibility 

distribution of each alternative. Choobineh and Behrens (1992) give the following equation for 

this ranking.  









−
−

−=
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K jj
j 15.0        (5.6) 
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Where, R and L correspond to the maximum and minimum of the domain of the utility function, 

respectively. R, L, RAj and LAj are shown in Figure 5.12(a). Zero and one bound the value of 

the ranking. The following example illustrates the use of the ranking index model. 

 

Example (ranking index method): Two IT project proposals, A and B, need to be ranked. The 

overall distribution is A [2.41,4.48,4.95,6.21] and B [1.55,4.10,5.43,8.27], as shown in Figure 

5.12(b). Using the Ranking Index Model and a range of L = 1.0 and R = 9.0.  

 

Project A: RAA = 3.42, LAA = 2.45, KA = 0.439 

Project B: RAB = 2.15, LAB = 1.83, KB = 0.480 

Therefore, KB > KA and project B dominates project A 

 

The ranking index method is used to rank each IT project proposal to be considered by the 

organisation. Table 5.13 details sample results for three IT project proposals (A, B and C) being 

considered by the organisation. 

 

µ(x)

2.0  6.0
X0

1

4.0 10.0

Project A

 8.0
1.55 4.48 8.27

Project B

2.41 4.95 6.21 9.01.0

µ(x)

L  R X
0

1

The overall project distribution
for project j

LAj
RAj

(a) The area used in the ranking index is represented by the shaded area

(b) Example: ranking index method

4.10 5.43

 
 

Figure 5.12 Example: ranking index method 
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Table 5.13 Ranking of IT project proposals A, B and C  

Project (j) Resultant possibility 
distribution 

RAj LAj Kj Rank 

A [2.41,4.48,4.95,6.21] 3.42 2.45 0.439 2 
B [1.55,4.10,5.43,8.27] 2.15 1.83 0.480 1 
C [2.05,3.22,5.00,7.20] 2.90 1.64 0.421 3 

 

From Table 5.13, KB has the highest value and dominates the other resultant possibility 

distributions A and C. This ranking method can assist the IRC to make their final decisions 

about which IT project(s) to select for funding 

 

5.15 Selection of IT Portfolio 

 

Once the IT projects are ranked, the organisation can select which IT projects will be 

implemented. The number of projects selected will depend on the IT budget of the organisation. 

An organisation with a large IT budget may select a high proportion of the proposed IT projects, 

while an organisation, that has scarce capital, may select only the best IT project for 

implementation. The IT projects, selected for implementation by the organisation, make up the 

applications portfolio detailed earlier. Chapter 6 will detail a method for the strategic 

implementation and monitoring of the IT applications portfolio. 

 

5.16 Application 

 

Chapter 11 will illustrate the proposed IT project(s) selection framework through a case study 

with a multi-national construction organisation. The case study will follow the steps highlighted 

above in an attempt to justify an IT project proposal.  

 

5.17 Strategic IT Implementation and Monitoring 
 

As illustrated in Figure 5.1, the IT project selection phase is the first in the IT project lifecycle. 

Once a portfolio of IT projects has been selected by the IRC they need to be strategically 

implemented and monitored over their operational life. Chapter 6 demonstrates the 

employment of a structured procedure that facilitates the efficient and effective implementation 

of selected IT projects.   

 

5.18 Summary 

 

Many organisations are seeking to invest in viable IT projects to re-engineer existing 

procurement processes. In many cases, the viability of an IT project cannot be determined 
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unless detailed feasibility studies are conducted. The preparation of these feasibility studies 

consumes company time and effort. A considerable amount of financial and human resources 

have to be allocated for the development of such feasibility studies. In order to optimise the use 

of these financial and human resources, organisations have to adopt a specific method by which 

to measure the viability of proposed IT projects.  

 

The use of interval mathematics and possibility distribution is a departure from the conventional 

probability-based techniques, which rely heavily on randomness and frequency to quantify 

tangible and intangible costs and benefits of IT investments. This chapter presented a method 

capable of modelling the effects of both monetary (tangible) and non-monetary (intangible) 

factors applicable to IT investments, through the use of possibility theory. The proposed method 

has provided a practical and convenient approach for comparing different IT project proposals 

being considered by construction organisations. Possibility theory appears to offer an even less 

calculative intensive method, whilst still providing accurate and transparent results. Chapter 11 

demonstrates the employment of the proposed method in an industry-based case study 
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CHAPTER  6 

 

STRATEGIC IT IMPLEMENTATION AND 

MONITORING 
 

 

6.1 General Remarks 

 

The history of IT investment in organisations is littered with disappointment. It is not that the IT 

projects have not been procured, but that, in many organisations, they have consistently failed to 

deliver business value (Strassman, 1989; Willcocks and Lester, 1996). Five reasons promoted 

for this failure are: 

 

• The lack of strategic direction given by the business to IT investment decisions (Earl, 1989; 

Ward and Griffiths, 1996), often reflected in the misalignment between IT strategy and 

processes and business strategy and processes (Henderson and Venkatraman, 1993; Earl, 

1996); 

• The lack of a formal benefits management approach (Farbey et al., 1993; Remenyi et al., 

1997); 

• The inability to leverage existing IT infrastructures (Weill, 1993; Broadbent and Weill, 

1997); 

• The relationship �gap� between the IT function and the rest of business (Ward and Peppard, 

1996; Peppard and Ward, 1999); and 

• The failure of organisations to provide IT applications and services through a strategy of 

selective sourcing (Strassman, 1995; Earl, 1996). 

 

Recognising a need for improved implementation of IT strategy has been emphasised in both 

empirical (Lederer and Sethi, 1988, 1992; Earl, 1993; Lederer and Mendelow, 1993; Prekumar 

and King, 1994) and prescriptive (Galliers, 1993; Lederer and Salmela, 1996; Lederer and Sethi, 

1996) studies. These studies show that implementation is important for four reasons. Firstly, the 
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failure to carry out the strategic IT plan can lead to lost opportunities, duplicated efforts, 

incompatible systems and wasted resources (Lederer and Salmela, 1996). Secondly, the extent 

to which strategic IT planning meets its objectives is determined by implementation (Earl, 1993; 

Lederer and Sethi, 1996). Further, the lack of IT implementation leaves firms dissatisfied with 

and reluctant to continue their strategic IT planning (Lederer and Sethi, 1988; 1992; Galliers, 

1994; Prekumar and King, 1994). Finally, the lack of implementation creates problems 

establishing and maintaining priorities in future strategic planning (Lederer and Mendelow, 

1993).  

 

This chapter aims to develop a strategic IT implementation planning method for construction 

organisations by answering the following question: �What content characteristics of formal IT 

strategy predict the extent of successful plan implementation?� IT implementation strategy is 

defined as a plan consisting of projects for the application of IT to assist an organisation in 

realising goals and objectives. The plan also comprises a gestalt view representing philosophy, 

attitudes, intentions and ambitions associated with future IT use in the organisation. The term 

�plan� refers to a written document following Mintzberg�s (1994) suggestion that, when the 

word �planning� is used, the understanding should be that of formal planning.  

 

According to Aouad et al, (1996), little regard has been given to the future potential of IT within 

the construction industry. Only recently, research efforts have poured into the strategic 

implementation of IT in construction (Shen, 1996; Futcher and Rowlinson, 1999; Clarke and 

Clarke, 1999; Shen and Fong, 1999; Rivard, 1999; Jung and Gibson, 1999; Pena-Mora et al., 

1999; Atkin, 1999; Marsh and Flanagan, 2000; Love et al., 2001). The construction 

professionals� need for successful IT development and implementation, within both the industry 

and academia, has led, in recent years, to a surge in IT research and development in the 

construction industry. The successful implementation of new and innovative IT in construction 

requires the development of strategic implementation plans prior to IT project commencement. 

Factors that need to be considered are (Betts, 1999): 

 

• Business processes; 

• Project teams; 

• Systems integration; and 

• Timescale and resources. 

 

When developing the specification for new IT applications or tools, it is important that current 

business processes are reviewed and areas of improvement, that are needed from the IT 
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implementation, are highlighted. �Mapping out� or planning the new processes obtainable 

through the IT implementation is also necessary for IT project success. 

 

In this chapter a number of issues relating to the strategic implementation and performance 

monitoring of IT projects in construction are addressed. Firstly the issues and barriers to 

strategic IT implementation are detailed, and then the justification of the need for a strategic IT 

implementation framework is given. A critical review of existing frameworks provides the 

foundation for the development of a strategic IT implementation framework for the construction 

industry. Lastly, the chapter examines IT performance monitoring of the implemented IT. IT 

performance monitoring is the foundation for IT performance evaluation, which is a critical 

element of this research.  

 

6.2 Research Literature on Definition of Implementation 

 

The term �implementation� is given a variety of meanings in the literature. Nutt (1986) defines 

implementation as the procedure, directed by a manager, to install planned change in an 

organisation, while Klein and Sorra (1996) see it as the process of gaining targeted 

organisational members� appropriate and committed use of an innovation. In Table 6.1 the 

reviewed research literature on implementation is listed, according to the particular definition of 

implementation. The first references in the table represent definitions where implementation is 

completed at an early stage, while those that follow represent definitions where implementation 

is completed at a later stage. The number may, therefore, represent a scale of stages at which 

authors place their definition of implementation. Some authors find implementation to be 

completed when change is occurring, while others find it continues until intended benefits have 

been realised.  

 

The purpose of using the stages in Table 6.1 is not to defend a certain rank order of the authors 

along the axis of implementation completion, but rather to indicate that the authors have 

completely different opinions about when implementation is considered completed. For the 

purpose of this research dissertation, implementation was defined as the planning for, 

implementation of, and continual monitoring of selected IT projects. Selection and evaluation 

stages discussed in Chapter 3 examine other aspects covered in the definitions detailed in 

Table 6.1. As detailed in the IT project lifecycle, the implementation and monitoring phase 

examines the steps required to strategically implement and monitor an IT portfolio of projects. 

IT performance evaluation at the project, business unit and enterprise tier of an organisation is 

discussed in Chapter 7. 
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Table 6.1 Stages of implementation completion (adapted from Gottschalk, 1999) 

Stage Implementation completed when Reference 
1 System is installed Lucas (1981) 
2 System is put to use Brancheau et al. (1989) 
3 Programs are adopted  Baier et al. (1986) 
4 Organisations act on new priorities Floyd and Wooldridge (1992) 
5 Changes are installed Nutt (1986) 
6 Not abandoned or expensively overhauled Markus (1993) 
7 Adoption has occurred Lucas et al. (1988) 
8 Innovation is adopted and used Leonard-Barton and Deschamps (1988) 
9 Systems are installed and used Srinivasan and Davis (1987) 

10 Change is accepted Baronas and Louis (1988) 
11 Systems are accepted Ginzberg (1981) 
12 Innovation is accepted and used Alavi and Henderson (1981) 
13 Systems are accepted and used Bradley and Hauser (1995) 
14 Control rests with users Alter and Ginzberg (1978) 
15 Change process completed Joshi (1991) 
16 Committed use occurs Klein and Sorra (1996) 
17 Post-application phase is consolidated Rhodes and Wield (1985) 
18 Satisfaction with system is achieved Griffith and Northcraft (1996) 
19 Intended benefits are realised Alavi and Joachimsthaier (1992) 

 

 

6.3 Output Versus Expectation 

 

New information technologies are continuously introduced, providing opportunities for 

organisations to change what they do, where, when and how they do it, and the alliances they 

develop to help them do it. Although costs for IT hardware and software are decreasing at 

astounding rates, organisations continue to devote ever-increasing resources to IT. Studies 

suggest that IT expenditures account for as much as 9% of revenues in some industries (Rayner, 

1995) or 5% or more of a organisation�s capital stock (Brynjolfsson and Hitt, 1995). Both the 

rise of importance and cost of IT highlight an intriguing paradox: organisations often fail to take 

advantage of the full potential and opportunities these investments could engender and, if and 

when they do realise financial returns, those returns appear later rather than sooner. 

 

Each new IT investment should enable an organisation to become more efficient and or 

effective; yet, frequently, few of the anticipated benefits are obtained within the projected time 

frame. In fact, in many instances, anticipated benefits fail to materialise until many years after 

an organisation introduces a new IT application (Dos Santos and Sussman, 2000). IT 

investments, by their nature, must be accompanied by careful redesign and/or restructuring of 

the organisation to obtain many of the anticipated benefits of the investment. Yet, time and 

again, organisations fail to redesign and restructure their business in ways that best utilise these 

new resources (Bresnaham and Trajtenberg, 1995). The paradox has been held true for all the 

major IT innovations since the advent of the computer: from simple computer transaction 
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processing systems to database management systems and office systems, to the new generation 

of applications spawned by the rapid development of the Internet. 

 

As an example of such tardiness in benefits to an organisation, let us look at the banking 

industry and their adoption of the automated teller machine (ATM). From the introduction of 

ATMs in 1971, they were viewed as the first step in bringing high-tech banking to customers. 

However, simply making ATMs available to customers did not produce many of the potential 

benefits that could be obtained from ATM deployment. To obtain the maximum benefits from 

ATM deployment, banks had to abandon internal structures that were based on accounts. 

Furthermore, they had to change the way they thought about customer service � from a belief 

that more branches translated into better service, to finding combinations of ATMs and branches 

that provided the best service. It took banks between 10 and 20 years to make these changes; in 

fact, some banks still are in the process of making the changes necessary to fully leverage the 

potential of ATM networks. Today, banks are undertaking a similar evolution due to Internet 

technology. Similar scenarios have been played out in every industry, with each new IT 

application, from the very first attempts to automate transaction processing to the more recent 

attempts to automate offices.    

 

IT has been advancing at an accelerating pace since its inception and it now affects every 

element of our society. The AEC (Architecture, Engineering and Construction) industry is no 

exception. Perkowski (1988) predicted continuing growth in dedicated engineering work 

stations for all design work, electronic interchange for both conventional and graphics-based 

data, expert systems applications and CAD techniques. There is little doubt that the construction 

industry�s level of awareness of IT-based strategic change, and the skill needed to implement it, 

needs to be increased (Stewart and Mohamed, 2002). It is important for all sectors and levels of 

the construction industry to be aware of the strategic uses of IT and acquire the appropriate 

skills (Department Industry Science Resources, 1999). The role of IT in the creation of value 

along the project�s value chain and across the boundary of the organisations involved in a 

project has been controversial in the literature and is still being debated. Despite many of the 

known and well-accepted benefits of IT, such as the reduction in transaction and search costs 

and increased efficiency of operations, actual productivity increases are hard to detect; one has 

to resort to large-scale, long-term analyses (Brynjolfsson and Hitt, 1996). In fact, although 

benefits in second-order effects, such as customer satisfaction, improved contractor relations, 

and the controlling and enhancing of growth are often apparent, the direct impact on 

productivity is less obvious in most cases (Pena-Mora et al., 1999). 
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The paradox of IT productivity is that, even though organisations invest significant resources 

into the latest technology, to increase efficiencies and profits, failure to redesign and reorganise 

delays the return on that investment. This gap between output and expectation can be with 

strategic IT implementation and monitoring (Dos Santos and Sussman, 2000). 

 

6.4 Need for Strategic Implementation Framework  

 

Past research studies have generally focused on IT planning methods (Lederer and Gardiner, 

1992), IT planning problems and benefits (Lederer and Sethi, 1991; 1992), impact evaluation 

(Premkumar and King, 1991; Teo and King, 1996), stages of growth (King and Teo, 1996), role 

of steering committee (Raghunathan, 1992), process and content dimensions of IT planning 

(Das et al., 1991), and alignment between business and IT planning (Teo and King, 1996). 

 

Extensive research has not managed to inspire organisations to strategically plan their IT 

implementation. Executives are still failing to strategically implement IT within their 

organisation due to this lack of planning or lack of management commitment to utilising 

developed plans. The following observations from literature form the basis for �fresh� thinking 

on the strategic IT implementation planning topic. 

 

Of organisations which engage in strategic IT planning, Galliers (1994), Finnegan et al. (1997) 

and Kearney (1990) found that 75%, 76% and 80%, respectively, of those surveyed had a 

strategic IT plan. However, the survey for this research was conducted in Norway where the 

organisations are smaller than those in previous studies, leading to a potential expectation that 

there would be a lower percentage of organisations with a formal IT strategy. Similarly, an 

Australian survey found the proportion claiming to undertake strategic IT planning ranged from 

58% in large organisations to 29% in medium sized organisations and 19% in small 

organisations (Falconer and Hodgett, 1997). 

 

Nevertheless, strategic IT plans are not implemented very extensively. Lederer and Sethi (1996) 

found that only 24% of the projects in the strategic IT plans surveyed had been initiated more 

than two years into the implementation horizon. In a study of four Norwegian organisations, 

approximately 42% of the projects in the formal IT strategy had been implemented after five 

years (Gottschalk, 1995). Ward and Griffiths (1996: p. 97) found that, �despite a belief in its 

importance, in the past decade many organisations have developed perfectly sound IT strategies 

that have been left to gather dust, or have been implemented in a half-hearted manner�. Taylor 

(1997: p. 336), too, found that �all too often strategies remain �on the page� and are not 

implemented�. 
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In terms of alignment of IT implementation plans and business plans, Zviran (1990) found 

evidence that IT objectives are associated with organisational objectives. Lederer and 

Mendelow (1989) conducted interviews with 20 top IT executives and found four main reasons 

why IT planning is difficult. The reasons are: unclear or unstable mission; objectives and 

priorities; lack of communication; absence of IT management from business planning processes; 

and unrealistic expectations. Another aspect of IT planning alignment that has been examined is 

its impact on organisational performance. For example, Das et al. (1991) cited an A.T. Kearney 

(1990) study showing that organisations that aligned their business and IT plans outperformed 

those who did not. 

 

Moreover, the advent of recent IT software/hardware has accelerated the adoption of innovative 

IT in the construction industry. Nevertheless, compared with other industry sectors, current uses 

of computer applications in construction are not very advanced (Nam and Tatum, 1992; Tucker 

et al., 1994; Stewart and Mohamed, 2001). Before construction projects can attain stated 

benefits from IT deployment, they must traverse an IT abyss (Dempsey et al., 1997). The IT 

abyss has been traced back to the gradual diffusion of IT within a project. This gradual IT 

diffusion refers to the lag between the IT investment and the realisation of the cumulative 

benefits arising from the investment during the project lifecycle (Pena-Mora et al., 1999). 

Construction organisations must tackle the main IT management processes: setting strategic and 

technical direction for IT applications; making decisions about funding; executing IT business 

strategies, and reviewing performance of IT investments over their lifecycle. 

 

6.5 Critical Review of Implementation Models and Processes 

 

The following sections provide a critical review of reported strategic IT implementation models 

and processes, developed in all industries, as well as those developed specifically for the 

construction industry. 

 

6.5.1 All industries 

 

Though there exists an extensive range of literature on strategic IT planning (e.g. Lederer and 

Sethi, 1988) and on IT implementation (e.g. Alavi and Joachimsthaier, 1992), specific literature 

on plan implementation has been relatively sparse (Gottschalk, 1999). While the literature on 

strategic IT planning treats implementation only as one of many phases, the literature on IT 

implementation lacks the gestalt perspective needed when plan implementation is to be studied. 

Furthermore, much of the reviewed research literature consists mainly of theory (e.g. Joshi, 

1991), often lacking empirical evidence. For the testing of the plan implementation link in the 
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theory of strategic IT planning, suggested by Lederer and Sethi (1996), it was nevertheless 

possible to identify existing literature (as listed in Table 6.2). The 35 organisational practices 

listed in Table 6.2 were reduced to ten predictors based on research undertaken by Gottschalk 

(1998). The implementation predictors detailed in Table 6.2 summarise numerous empirical 

literature studies undertaken on IT implementation planning and strategy relevant to all types of 

organisations. Construction specific IT implementation planning and strategy models and 

processes are discussed in the following section. 

 

Table 6.2  Implementation predictors derived from organisational practices 

Practices Predictors Measurement 
Resources were not made available 
Difficulty of recruiting 
Resource mobilisation for implementation 
Identify resources for new tools 

Resources Multiple item scale by Lee 
(1995) 

User education resources 
User involvement in implementation 

Users Multiple item scale by Chan 
(1992) 

Existing IT investments 
Planning methodology fails to consider 

implementation 
Implementing the project requires more analysis 
Specify actions for architecture 

Analysis Multiple item scale by Segars 
(1994) 

Salmela (1996); Teo (1994) Environment Multiple item scale by Segars 
(1994) 

Organisational resistance emerged 
Political conflicts 
Avoid/dampen resistance 
Identify bases of resistance 

Resistance Multiple item scale by Lee 
(1995) 

Technology constraint arose 
Telecommunications issues 
Technology lagging behind needs 

Technology Items from Teo (1994); Lederer 
and Sethi (1992); Byrd et al. 
(1995); Salmela (1996) 

Nature of business 
Measuring benefits 
Doubts about benefits 
Relevance of proposed projects 
In the plan to organisational goals 
Output of planning is not in accordance with 

management expectations 

Relevance Items from Teo (1994); Lederer 
and Sethi (1992); Segars (1994); 
Chan (1992); Hann and Weber 
(1996). 

Monitoring system to review 
Implementation and provide feedback 
Prepare migration plan 
Identify actions to adopt plan 

Responsibility Ideas from Ward et al. (1996); 
Gottschalk (1995); and pilot 
tests 

Management was hesitant 
Middle management attitude 
Senior management attitude 
Difficult to secure top management commitment 
Planning methodology requires too much top 

management involvement 
Top management monitoring of implementation 

Management Items from Lee (1995); Segars 
(1994); Premkumar and King 
(1994) 

Contents of the plan 
Sections of the plan 
Clarity and analysis presentation of the plan 
Final planning output documentation not very 

useful 

Presentation Ideas from Leder and Salmela 
(1996); Hussey (1996) 
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6.5.2 Construction 

 

Hampson and Tatum (1993) developed a range of determinants for technology strategy based on 

earlier research conducted primarily in the manufacturing and computer industries. They 

classified technology strategy into five key dimensions: competitive positioning, sourcing of 

technology, technological scope, technical depth and organisational fit. Competitive positioning 

is the firm�s relative emphasis and command of technology within the sector. Sourcing is the 

acquisition of explicit (hardware) and implicit (knowledge) technologies. The scope dimension 

identifies the core and peripheral technologies and then measures the diversity of the firm�s 

technological approach. Depth highlights the relative level of research and development 

investment, depth and specialisation of a firm�s technical capabilities. Organisational fit 

assesses the reward system and communication structure of the firm. Each of these dimensions 

guides the construction manager�s approach to the acquisition and implementation of 

technology. The following list summarises all technology strategy measures, available at this 

time, within these dimensional areas.  

 

Competitive Positioning 

• Emphasis of technology in overall business strategy; 

• Command of key technologies in sector; 

• Command of unique technological position; 

• Ability to be key technology leader in sector; and 

• Monitoring of competitor technologies. 

Sourcing of Technology 

• Acquisition of explicit technology; 

• Acquisition of implicit technology � head office management; 

• Acquisition of implicit technology � site management; 

• Emphasis on organisational learning; and 

• Monitoring evolving technologies in sector. 

Scope of Technology Strategy 

• Breadth of technological capabilities; 

• Content focus of technology monitoring and development; and 

• Geographic focus of technology monitoring and development. 

Depth of Technology Strategy 

• Emphasis on research and development; 

• Depth of technical capabilities � head office management; 

• Depth of technical capabilities � site management; and 

Lifecycle Management of IT Projects in Construction  



Chapter 6: Strategic IT Implementation and Monitoring  6-10 

• Degree of specialist tasking. 

Organisational fit 

• Rewards systems � head office management 

• Reward systems � site management 

• Structuring of information flows � site to site 

• Structuring of information flows � site and head office  

 

Paulson (1995) comment that making use of the following guidelines can make the analysis 

procedures, feasibility studies and decision-making process, easier. These guidelines help 

ensure the successful application/implementation of change and/or of a new IT system within an 

existing organisation: 

 

• Maintain openness and honesty throughout the planning, design, development and 

implementation process; 

• Encourage participatory planning in defining goals, objectives and in influencing the design 

or procurement of the new system; 

• Ensure managerial support and involvement is evident from the beginning to the end of the 

planning and implementation process; 

• Ensure the goals for the change are understood and viewed positively by all concerned; 

• Ensure overall benefits are maximised and efforts made to coordinate the goals of the new 

system with those of the other goals of the organisation; 

• Enable ample opportunities for education and training on the use of the new system, as well 

as positive incentives for it; and 

• Design the organisation and content of the new system for the people who will use it. 

  

The degree/level of influence of application/implementation of innovative IT into an existing 

construction industry environment is illustrated in Figure 6.1, where the quality, cost and 

effectiveness of the application/implementation, is determined predominantly by decisions made 

in the earlier stages of a project. 

 

Leslie (1996) identified five 'streams' or responsibilities that identify and separate the 

information needs of the Architecture, Engineering and Construction (AEC) industry from those 

of the technologies that will be required to satisfy them (Figure 6.2). 

 

• Stream 1 - Project Application: To assist practitioners, in all sectors and at all levels of the 

AEC, to understand, adopt and apply IT. 
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• Stream 2 - Project Resources: To encourage and support the development and marketing 

of integrated project resources for application by project teams. 

 

• Stream 3 - Industry Conventions: To develop and maintain the conventions and a 

medium-to-long term framework for development and application of 'project resources' 

(Stream 2) and offering the fundamental support necessary for the timely and cost effective 

conduct of Streams 1 and 2. 

 

• Stream 4 - Process Re-engineering: To monitor IT take-up and to reflect, as appropriate, 

the changing information needs of the AEC industry in both the 'industry conventions' 

(Stream 3) and 'project resources' (Stream 2) areas. 

 

• Stream 5 - Communication and Computing: To monitor the development of 

communication and computing technologies in terms of the information needs of the AEC 

industry and, as appropriate, to identify and introduce specific advances into the 'industry 

conventions' (Stream 3) or, more likely, into the 'project resources' (Stream 2). 

 

Level of
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Project Time
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Influence/

Low
Expenditure

Low
Influence/

High
Expenditure

Result

Cumulative
Cost of
System

Analyse &
Design Develop &

Program Implement
& Use

Decreasing
Influence Increasing
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Figure 6.1 Level of influence on project outcomes (Paulson, 1995) 
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Figure 6.2 Elements of an AEC information strategy (Leslie, 1996) 

 

A study by Myllymaki (1997) concerning the implementation of information systems and its 

planning in Finnish construction companies, using new information technologies, identified 

'three cornerstones' of a successful re-engineering project and how they affect the 

implementation of IT (Figure 6.3). 

 

• Vision: A bright, durable vision of the new process is required to ensure progress which can 

be created by a small close team, but later will need to be shared with top management, 

construction managers, developers and IT staff. 

 

• Commitment: Overall commitment needs to be obtained from top management, 

construction and IT managers, that is, top management has to allocate both financial and 

human resources and the IT department is required to put the information infrastructure in 

order, by adjusting IT strategies to meet the requirements of the re-engineering efforts. 

 

• Possibilities: Changing and re-engineering a company's existing information infrastructure 

could be the only way of maintaining a current market share or keep the current 'enterprise' 

alive. This can sometimes be a difficult and costly process, which cannot be based on IT 

that does not yet exist, or that is too expensive. Applying the �migration strategy� enables IT 

staff to balance the IT strategy with the companies business needs and, thereby, underwrite 

the success of the re-engineering process. 
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Figure 6.3 Cornerstones of re-engineering (Myllymaki, 1997) 

 

Information/knowledge management is a key factor in the success of implementing a new 

communication technology and is defined by Emery (1999, p14) as �the ability to get the right 

information to the right people at the right time so that a business can run more smoothly and 

efficiently.� De Oliveira (1999) comments that, due to the differences among specialists and the 

difficulties experienced in data management, a �centralised information system� has proven to 

be a better option than that of a 'phase-to-phase' information exchange process. The use of such 

a system has been proven to assist the need and importance of achieving timely information 

exchange (Figure 6.4). 

 

Nylund and Nilsson (1998) highlighted the problems an organisation can run into when trying 

to computerise project planning and scheduling at construction sites in Sweden. They identified 

the following recommendations that construction organisations should follow in order to gain 

full advantage of implemented modern computerised administrative tools: 

 

• Make a clear decision on what the organisation wants and how it should be 

accomplished; 

• Define the user group and what their real needs are; 

• Give the users the necessary hardware and software before they are given training; 
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Figure 6.4 Centralised information system (De Oliveira, 1999) 

 

• Give the users support both with installation and later with the software; 

• Allow the users some extra time to get things going; and 

• Follow up systematically and listen to the experiences of the users. 

 

For the organisation to achieve profitability, growth and other organisational goals, Toole 

(1998) identifies the adoption behaviour of the organisation as an important component of the 

technology strategy, which, in turn, influences the company's performance. This 

adoption/implementation of a new process and/or technology, such as IT (Figure 6.5), can be 

defined as innovative. Innovation in construction can be found in new business practices; new 

designs; advanced technologies and novel construction practices, often arising because of the 

needs of a particular individual, organisation or industry. 

 

Paulson (1995) state that the organisation�s management needs to consider the advantages and 

disadvantages of four possible implementation strategies and select the one that best serves the 

needs of the application and its users: 

 

• Total conversion at a fixed date: The use of the old (existing) system is stopped and the 

new one is started or put in its place, on a fixed date. This has the advantage of being less 
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stressful and trained users are ready to start immediately. The disadvantage is that, if the 

implementation is poorly planned or the system is faulty, users may be demoralised. 

• Parallel operations with a gradual transition: This strategy may be appropriate for a new 

and unproven system. The advantage is that one can check the new results against the old to 

ensure that all is going well. The disadvantage is that double the effort is required in running 

both systems simultaneously and users may stall as long as possible to avoid learning the 

new system. 

• Phased implementation: This allows separate modules to be added, over time, and 

eventually make up an integrated system. The advantage is that training and implementation 

workload can be distributed over a period of time where corrections and adjustments can be 

made. The disadvantage is the possibility of difficulties when 'bridging' incompatibilities 

between the components of the old and new systems. 

• Pilot implementation: Introducing the new system on a project, that has interested and 

capable construction personnel, who have the motivation and initiative to try and make it 

succeed. The advantage is that two or more alternative packages can be tested concurrently 

and, even if one of the pilot tests fail or is found to be unsatisfactory, the 'damage' is 

confined to one site. The disadvantage is that it is not suitable for centralised systems. 
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Figure 6.5 Matching the organisation with its environment (Toole, 1998) 
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The Migration Strategy (Figure 6.6), described in Myllymaki (1997), plays an important role 

when planning implementation, taking into consideration both the company's/project's business 

needs and IT possibilities. It shows how the old process of a company/project can be transferred 

to the targeted/new process, using a 'road map' that indicates the major information flows, 

helping developers of the system take important aspects into consideration. Both the business 

units of the company and its IT department/developers need to participate and commit 

themselves by allocating their resources to the 'implementation project'. This plays an important 

role when planning the implementation of a new IT system, as it shows which processes and 

systems will be redesigned and implemented and when this will be done. During the 

implementation phase, questions such as "what?" "when?" "how?" and "who?" must be asked 

and answered. 

 

Jung and Gibson (1999) developed a framework for measuring and assessing computer 

integrated construction (CIC) planning. They detailed five measures for CIC planning (Figure 

6.7): (1) corporate strategy; (2) management; (3) computer systems; (4) IT; and (5) incremental 

investment. These resources are broad and include business and social environmental issues. 

 

 

New ProcessOld Process

Road Map

Project

How?
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What?
When?

 

Figure 6.6 Mitigation strategy model (Myllymaki, 1997) 
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Figure 6.7 CIC planning methodology (Jung and Gibson, 1999) 

 

Pena-Mora et al. (1999) developed an IT Strategic Planning Framework for the AEC industry, 

particularly focusing on large-scale construction projects (Figure 6.8).  The first step in the 

framework is to understand the businesses of the AEC project as well as the dynamics of the 

overall economic environment in which the project operates. This environmental scan yields the 

boundary conditions for the strategy of the project and has to be followed up by a thorough 

internal scrutiny at the intra-project level and the different functional units of the project. Given 

these two elements, one can identify the strategic thrusts and possible performance measures for 

the project. The second step in the development of an IT strategy is an analysis of the relevant 

processes and functions within the AEC project. The strategic thrusts and performance measures 

developed in the first step are used to create �guiding benchmarks� for continuous monitoring. 

More specifically, it is important to identify the intra-project flows of control and information 

within or across functions and processes. Subsequently, interproject networks, which are 

established in strategic alliances or in contractor-owner relationships, need to be considered. 

The third step in the development of the strategic plan consists of developing an IT investment 

model that can be integrated into the overall strategic planning framework to devise the generic 

dynamic strategic plan introduced in Figure 6.8. 

 

Lifecycle Management of IT Projects in Construction  



Chapter 6: Strategic IT Implementation and Monitoring  6-18 

Environmental Scan

IT Diffusion Stage

Internal Scrutiny

IT Investment
Modelling

Strategic Planning

Substitution

Enhancement

Transformation

Mode of Strategic IT
Planning

Project Mission
Project Division
Functional Analysis
Analysis of Processes
Performance Objectives

Process-Orientated
Valuation Frameworks
Scenario Planning
Modelling and Optimisation

 

 

Figure 6.8  IT strategic planning framework (Pena-Mora et al., 1999) 

 

Miozzo et al. (1998) derived an IT-enabled process strategy for construction. Their research 

looks at a number of construction processes (i.e. construction and manufacture, design, project 

definition, business analysis and facilities management, evaluation, project execution, 

procurement and cost management) and �blocking� sources to their efficiency. Their research 

provides a comprehensive list of eliminators to these �blockers� and workplans to improve the 

processes. The place of IT research within this workplan is specifically identified and compared 

with the current practice of IT application within the sector. 

 

Standardised Process Improvement for Construction Enterprises (SPICE) is a research project 

that is developing a process improvement framework for the construction industry (Sarshar et 

al., 2000). This is based on an existing successful model (Saiedien and Kuzara, 1995), which 

was developed by the US Department of Defence and is widely used in the software industry, 

namely the Capability Maturity Model (CMM). Increasing evidence from other sectors (Paulk et 

al., 1993) shows that continuous process improvement is based on many small, evolutionary 

steps, rather than revolutionary measures. The SPICE maturity model, which is an incremental 

model, helps immature organisations reach process maturity. The SPICE framework considers 
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five maturity levels: initial, repeatable, defined, managed and optimising. A maturity level is a 

well-defined evolutionary plateau towards achieving mature processes. Each maturity level 

provides a layer in the foundation for continuous process improvement. Each level comprises a 

set of process goals that, when satisfied, stabilises an important component in the �construction� 

process. Achieving each level of the maturity framework establishes a different component in 

the �construction� process, resulting in an increase in the process capability of the organisation 

(Sarshar et al., 2000). 

 

6.6 Developing a Strategic IT Implementation Framework for Construction 

 

Leavitt�s (1964) classic model of organisational change still holds some relevance in the modern 

era.  The model posits that any organisational change focuses on one or more combination of 

four interrelated targets: people, structure, task and technology (Figure 6.9), Moreover, 

changing any one of these four necessarily affects the others. Changing the technology should, 

and will, impact upon people, structure and task. Yet, most IT development and implementation 

efforts fail to change one or more of the above targets as required.  

 

In fact, many IT implementation problems result from the failure to equalise the rates of change 

in the four target components (Dos Santos and Sussman, 2000). Since the evolution of IT, 

technology changes have become the most dramatic, but the rates at which the people, structure 

and tasks change are far slower than necessary to take full advantage of technology. The real 

problem, therefore, is to find ways to identify and change people, tasks and structure so that 

their rate of change is in concert with the changes in technology. Figure 6.9 visually depicts the 

problem described here.  

 

Solving the IT productivity paradox can be achieved through strategic implementation of IT 

investments (Dos Santos and Sussman, 2000). The �IT strategic implementation and 

monitoring� framework, proposed in this dissertation, incorporates research from the reviewed 

literature (all industries and the construction specifically). The framework illustrated in Figure 

6.10 details the six steps by which to strategically implement IT within a construction 

organisation. The proposed steps aim to increase the rates of change across the people, structure 

and task dimensions, thereby solving the paradox. These steps are: (1) strengths, weaknesses, 

opportunities, threats (SWOT) factors; (2) SWOT analysis; (3) IT diffusion strategy �story 

telling�; (4) operational strategy; (5) implementation strategy �action plans�; and (6) monitoring 

plan (see Stewart et al., 2002). Before any of the above steps can commence, the construction 

organisation must select a cross-functional team of staff members to form the IT Review 

Committee (RC). 
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Figure 6.9  The productivity paradox: differential rates of change across four 

organisational dimensions (Dos Santos and Sussman, 2000) 
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Figure 6.10  Strategic IT implementation and monitoring strategy (Stewart et al., 2002) 
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6.7 Forming an IT Review Committee (RC) 

 

A major resource required for strategic IT implementation planning is the time and effort of 

managers and other professionals who participate in the planning process (Lederer and 

Gardiner, 1992). The more top management participation in the planning process the more 

successful will be the strategic IT implementation planning (Premkumar and King, 1994; 

Reponen, 1994). Likewise, the participation of the user management (Reponen, 1994) and IT 

managers and professionals (Lederer and Sethi, 1992; Reponen, 1994) can greatly facilitate the 

planning process. The participation of these people is necessary for successful IT 

implementation, but it alone is not sufficient. Their skills and experiences are also important to 

the success of strategic IT implementation planning (Vitale et al., 1986; Sambamurthy et al., 

1993; Lederer and Gardiner, 1992). 

 

Construction organisations need to develop an RC to manage and maintain IT strategic 

implementation and monitoring within the organisation. Construction and IT professionals need 

to develop cross-functional responsibilities to incorporate strategic planning. For example, 

functional managers could be given IT oversight responsibilities and IT professionals could be 

periodically assigned to IT project task forces. Cross training, job rotation and committee 

assignments will not only help reinforce the new frame of IT, but will also serve to bridge the 

differing worldviews of senior managers and IT professionals. 

 

Cross-functional teams will also produce a secondary benefit; they will help reinforce the 

effective diffusion of IT within the organisation. An RC composed of construction and IT 

professionals implicitly reinforce the message that all employees are working for the same goal: 

to achieve the corporate objectives.  

 

Finally, the RC will help leverage the most important asset of the firm, its intellectual capital. 

Sharing, challenging and validating ideas expands the collective wisdom of that team 

specifically, and the larger organisation generally (Quinn et al., 1996). RC members move from 

a discussion of their specific expertise, know-what and know-how, to discussions of common 

interest and organisational performance. They move from what they know, to what others know, 

to what they start learning together. 

 

These structural changes alone will not guarantee, however, that these problems will be 

resolved. Construction organisations must also put into place processes to ensure that the proper 

questions will be answered during the development and implementation process. To ensure that 

the right questions are asked and answered, the RC must be required to explicitly ask and 
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answer relevant �what if� questions. Dos Santos and Sussman (2000) provide some examples of 

questions that development teams should be required to answer before an IT project 

commences: 

 

• Should our strategy change in light of the capabilities that a new system will provide? 

• Can a new system change our business? 

• How can a new system be used to change our relationships with customers and suppliers in 

a way that will benefit us? 

• How can a new system be used to change the way we manage? 

• How will a new system change formal and informal relationships and processes and what 

do we have to do to overcome resistance to these changes? 

 

6.8 IT Project Selection Phase 

 

As previously explained in Chapter three, the IT project lifecycle consists of three phases: (1) IT 

project selection; (2) IT implementation and monitoring; and (3) IT performance evaluation. 

The previous chapter deals with IT project selection and details a structured method for the 

selection of an IT portfolio. Figure 6.10 illustrates how the �IT project selection� phase links 

with the �IT implementation and monitoring� phase and eventually the �IT performance 

evaluation phase� of the IT project lifecycle.  Once a portfolio of IT projects, consisting of 

strategic, high potential, factory and support applications (Ward, 1988), is selected in phase one, 

the organisation can undertake strategic problem solving to investigate internal and external 

factors influencing the organisation. 

 

6.9 STEP 1: SWOT Factors  

 

Central to the �SWOT factors� step is the incorporation of the Scale of Values of the corporate 

management of the organisation. This is the set of objectives, perceptions, beliefs and 

challenges of the owner. This activity is important because it defines the way the organisation is 

managed and the criteria under which strategies are evaluated. Keeping in mind the scale of 

values of the organisation�s corporate management, the RC needs to undertake an external and 

internal analysis. An external analysis examines the environment in which the organisation is 

participating. This external analysis aims to study the opportunities and threats of each sector of 

the construction industry in which business units participate. An internal analysis is then 

undertaken, which includes the identification of the weaknesses and strengths of every area of 

the organisation. Combining the results of the external and internal analysis and taking into 

account the scale of value of the owner, the strategic factors are identified. These strategic 
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factors, together with a valorisation of opportunities and threats (SWOT analysis), form the 

basis for the decision-making process at the strategic level. 

 

6.9.1 External analysis 

 

Several researchers have articulated the need to consider the external environment as an 

influence of strategic IT implementation. In doing so, they have identified a number of elements 

within the environment that can affect the planning process. For example, changes in supplier 

trends, client preferences, emerging technology, government legislation and competitors� 

actions may influence strategic IT implementation planning by making it more difficult (Lederer 

and Mendelow, 1990; Raghunathan and Raghunathan, 1991). The economic stability of the 

industry and country can also complicate it because IT development time frames are shorter 

than other organisational time frames (Raghunathan and Raghunathan, 1991). These elements 

are external to the organisation and are typically difficult to control. Likewise, other researchers 

detail other factors such as information intensity (Earl, 1993), resources (Premkumar and King, 

1994), external stakeholders (Sambamurthy et al., 1994) and cultural barriers (Jarvenpaa and 

Ives, 1993), as important external considerations. The more turbulent the external environment 

is, the more difficult IT strategic planning becomes (Vitale et al., 1986; Lederer and Mendelow, 

1990; Leder and Salmela, 1996) 

 

The construction industry is already experiencing a tremendous increase in the use of 

communication technologies in improving operations. Recent advances in the area of data 

accessibility and sharing are also encouraging (Edmister, 1993). Electronic Data Interchange 

(EDI), computer graphics and image processing are some of the current research topics, results 

of which may transform the infrastructure of design and construction organisations. At the 

higher level of management, the role of IT is to assist decision-makers in various ways. These 

can take the form of Knowledge-Based Expert Systems (KBES), Decision Support Systems 

(DSS), electronic conferencing, groupware and Executive Information Systems (EIS).  

 

The changing business environment and increased IT capabilities are translating into a more 

focused emphasis on strategic integration (Ahmad et al., 1995). Increased global competition on 

the one hand, and availability of communication-tools on the other, are resulting in increased 

opportunities for design and construction organisations to establish joint ventures, partnering 

and long-term relationships with clients and/or suppliers. Integrations between planning, design 

and construction are gaining increased attention from practitioners and researchers alike. This 

attention is focused upon increased productivity and improved quality of construction (Betts et 

al., 1991; Betts, 1999). 
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It is not sufficient to concentrate the environmental analysis at the macroscopic level of the 

construction industry alone (Pena-Mora et al., 1999). This is because, even at the microscopic 

level of construction projects, IT spending has grown rapidly with operations and maintenance 

costs dominating the budget. In addition, an environmental analysis can capture the dynamic 

nature of project participants in a large-scale construction project. To better understand the 

relationship of all components of an IT strategy on construction projects and within strategic 

business units of an organisation, it is helpful to examine the strategy in a systematic way, 

looking at the various investments, and the tangible as well as intangible returns from these 

investments.  

 

6.9.2 Internal analysis 

 

Several researchers have articulated the need to consider how the internal environment is 

determinant of the IT strategic implementation planning process. For example, the 

organisation�s corporate culture can facilitate its strategic IT planning by being congruent with 

it (Applegate et al., 1996). The organisation�s planning and control style, perhaps in part a 

function of the corporate culture, similarly influences strategic IT implementation planning 

(Earl, 1993). Likewise, organisational size, organisational structure (mechanistic vs. organic) 

and management style (entrepreneurial vs. conservative) may influence strategic IT 

implementation planning (Doukidis et al., 1994). For example, a large organisation size 

increases the need for formal strategic IT implementation planning (Premkumar and King, 

1994). An organisation�s decision-making approach (group or individual decision-making) also 

affects strategic IT implementation planning (Guimares and McKeen, 1989). Additionally, more 

conservative cultures may be more risk averse in their information planning, while larger 

organisations may lack the flexibility to create more changeable strategic IT implementation 

plans. 

 

In planning an IT implementation strategy, it is important to be able to assess the costs and 

benefits that will be realised. Quantifying the direct and indirect benefits from an IT strategy 

requires internal scrutiny at each decision-making level of an organisation. This requires the 

functional analysis of the processes directly or indirectly benefited by the IT project. IT 

implementation predictions can be made, based on a number of scenarios, once the 

requirements, in terms of hardware, software, staff and training, have been developed. The 

primary role of the internal analysis is to identify the weaknesses and strengths of every area of 

the organisation. Responding to the internal strengths and weaknesses is, therefore, an essential 

component of the strategic management process (Hisrich and Peter, 1989). By collating all the 

opportunities and threats obtained through the external analysis, combined with strengths and 

Lifecycle Management of IT Projects in Construction  



Chapter 6: Strategic IT Implementation and Monitoring  6-25 

weaknesses obtained through internal analysis the organisation, can undertake a formal SWOT 

analysis.  

 

6.10 STEP 2: SWOT Analysis 

 

Every company is confronted with a variety of internal and external forces which, on the one 

hand, can comprise potential stimulants, or on the other hand can comprise potential limitations, 

depending on the organisation�s corporate objectives. In step one, the organisation�s RC 

identifies and evaluates these strategic factors which assist or hinder the organisation reaching 

its full potential. Since every organisation is confronted with a dynamic environment, the 

relative importance of a strategic factor will change constantly. 

 

Internal strengths and weaknesses, as well as external opportunities and threats, obtained in step 

one form the foundation of the SWOT analysis. There is no standard list of strategic factors 

which apply for all construction organisations because of the specificity of each set. SWOT (the 

acronym standing for Strengths, Weaknesses, Opportunities and Threats) analysis is a 

commonly used tool for analysing internal and external environments in order to attain a 

systematic approach and support for a design situation (e.g. Kotler, 1988; Wheelan and Hunger, 

1995). Strengths relate to the competitive advantages, along with other distinguishing 

competencies, which can be exploited by the company on the market. A distinguishing 

capability is something that can be done very capably by the company (Mintzberg and Quinn, 

1991). Weaknesses are limitations, which hinder the process of a company, in a certain 

direction. Opportunities relate to the technology enabled advantages that can be obtained by the 

uptake of IT. Threats relate to an array of macroscopic and microscopic problems that exist, or 

may arise, in the construction industry. 

 

If used correctly, SWOT can provide a good basis for successful IT implementation strategy 

formulation. Nevertheless, it could be used more efficiently (e.g. McDonald, 1993). When using 

SWOT, the analysis lacks the possibility of comprehensively appraising the strategic decision-

making situation; rather it can merely pinpoint the number of factors in each strength, weakness, 

opportunity or threat group. In addition, SWOT does not include any means for analytically 

determining the importance of factors or of assessing the fit between SWOT factors and 

decision alternatives. In a study by Hill and Westbrook (1997), none of the 20 case companies 

prioritised individual SWOT factors. In addition, the expression of individual factors was of a 

very general nature and brief. Thus, it can be concluded that the result of a SWOT analysis is 

too often only a superficial and imprecise listing or an incomplete qualitative examination of 

internal and external factors. 
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The decision-making tool detailed in Chapter Four, the Analytical Hierarchy Process (AHP) is 

deemed the most appropriate analytical method for the development of a hybrid method with 

SWOT.  As previously explained, AHP is a general theory of measurement based on some 

mathematical and psychological foundations. AHP can deal with qualitative attributes as well as 

quantitative ones. Strategic IT implementation in construction is an area where SWOT and AHP 

can both be used. SWOT provides the basic frame within which to perform an analysis of the 

decision situation and AHP assists in carrying out SWOT more analytically. The possible 

advantages of using AHP in a SWOT analysis lie in the quantitative examination of the SWOT 

factors and the inclusion of the decision-makers in the planning situation. In addition, AHP and 

SWOT are both widely used, basic methods, and they are relatively easy to understand. Thus, 

both methods are well suited to strategic IT implementation.  

 

6.10.1 Outline for applying AHP in SWOT analysis 

 

The idea of utilising AHP within a SWOT framework is to systematically evaluate the SWOT 

factors and commensurate their intensities. AHPs advantages (i.e. systematic approach to 

decision problems and commensurateness) can be regarded as valuable characteristics in a 

SWOT analysis. Additional value from a SWOT analysis can be achieved by a pairwise 

comparison between SWOT factors and analysing them by means of the eigenvalue technique, 

as applied in AHP. This offers a good basis for examining the present or anticipated situation, or 

a new strategy alternative, more comprehensively. After carrying out these comparisons, 

decision-makers will have new quantitative information about the decision-making situation; for 

example, whether there is a specific weakness requiring all the attention, or if the organisation is 

expected to be faced with future threats exceeding the organisation�s combined opportunities. 

 

AHP theory is detailed further in Chapter Four of this dissertation. The following definitions 

need to be given at this point: SWOT groups refer to four entities (i.e. strengths, weaknesses, 

opportunities and threats) and SWOT factors refer to the individual factors underlying these 

groups. The four-step method introduced proceeds as follows. 

 

Step 1: SWOT analysis is carried out 

 

The relevant factors of the external and internal environment are identified and included in the 

SWOT analysis. When standard AHP is applied, it is recommended that the number of factors 

should not exceed 10 because the number of pairwise comparisons needed in the analysis 

increases rapidly (Saaty, 1990). If greater than 10 factors is needed, several commercial 
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software packages are available to assist in conducting an AHP analysis, such as Expert Choice, 

Criterium and HIPRE3+.  

 

Step 2: Pairwise comparison between SWOT factors are carried out within every SWOT 

group 

 

When making the comparisons, the questions at stake are: (1) which of the two factors 

compared is a greater strength (opportunity, weakness or threat)? and (2) how much greater is 

it? With these comparisons as the input, the relative local priorities of the factors are computed 

using the eigenvalue method described in Chapter Four. These priorities reflect the decision-

makers perception of the relative importance of the factors. 

 

Step 3: Pairwise comparisons are made between the four SWOT groups 

 

The factor with the highest local priority is chosen from each of the four groups to represent the 

group. The four factors are then compared and their relative priorities are calculated, as in Step 

2. The scaling factors of the four SWOT groups are used to calculate the overall (global) 

priorities of the independent factors within them. This is done by multiplying the factors� local 

priorities (defined in Step 2) by the value of the corresponding scaling factor of the SWOT 

group. The global priorities of all the factors must add up to one. 

 

Step 4: The results are utilised in the IT strategy formulation and evaluation process 

 

The contribution to the IT strategic planning process comes in the form of numerical values for 

the factors. New goals may be set, strategies defined and IT implementation planned to take into 

consideration the foremost factors. By undertaking an AHP analysis, ensuring that the 

consistency ratio CR is less than 10% (see Chapter 4), the RC can gain a better insight into the 

strategic priorities of the organisation. The results of the comparisons are quantitative values 

expressing the priorities of the factors included in the SWOT analysis. Thus, persons 

formulating IT strategies can gain access to new quantitative information about the environment 

surrounding the organisation to support their decision-making. They can concentrate on 

connecting the most important and compatible opportunities and strengths in the IT strategy-

building process or see if the firm is facing some critical threats or weaknesses that must be 

reacted to. 
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6.10.2 Application � Project Web Information Management Extranet (PWIME)  

 

The effective creation, management and exchange of information is a critical component of the 

success of the operating capabilities of a design and construction project. With the combination 

of increasingly complex building types, the increasing numbers of outsourced project 

participants, the tightly programmed fast-track construction methods, a globally competitive 

market place, the ability to deliver profitable projects on time and within budget is becoming a 

significant challenge. Without the effective use of IT to facilitate the process of information 

management amongst project teams, it is unlikely that any major improvements to the delivery 

process will eventuate by continuing to use traditional processes. 

 

The Project Web Information Management Extranet (PWIME) is one tool that can be used by 

construction organisations worldwide. Numerous benefits result from the strategic 

implementation of a PWIME on construction projects. In summary, some of the key benefits to 

result from the PWIME implementation include: 

 

• Improved communications and coordination of information between all project participants 

resulting in increased efficiencies, better facilitated decision-making and improved project 

control; 

• Increased flexibility for any project participant to easily become a part of the project team 

through the use of ubiquitous, low-cost Internet and web technology; 

• Ability to facilitate strategic alliances;  

• Ability to increase savings in standard operating costs and approach resulting from 

improvement in delivery processes, responsiveness, reporting and turnaround; and 

• Establishing the organisation as a technology leader in the construction industry. 

 

However, many inhibitors restrict the successful implementation of the PWIME, including: 

 

• Lack of management commitment;  

• Increased IT budget requirements on construction projects; 

• Increased IT training and support requirements on construction projects; 

• Low technology capabilities of construction project participants; 

• User resistance to change; and 

• Misperceptions about the system. 

 

Lifecycle Management of IT Projects in Construction  



Chapter 6: Strategic IT Implementation and Monitoring  6-29 

The introduction of a PWIME within a construction organisation requires extensive strategic 

planning before successful implementation can be achieved.  Figure 6.11 details a SWOT 

analysis for the strategic implementation of the proposed PWIME within a construction 

organisation. 

 

Following the construction of the SWOT framework, the priorities of the factors included in the 

SWOT analysis can be estimated by pairwise comparisons (Table 6.3). For the hypothetical 

example, positive factors predominated; four out of five of the biggest global priorities 

represented strengths or opportunities. Only one weakness, �lower technology capabilities of 

project participants�, belonged to the top five group.  

 

The whole situation is easily observed by referring to Figure 6.12. The lengths of the lines in 

the different sectors point out that the strengths and opportunities predominate and that, at 

present, there are no specific threats or weaknesses that could ruin the new strategy. The 

foremost factors can be easily picked out to form the basis of the formulation for the PWIME 

implementation strategy. 

  

STRENGTHS OPPORTUNITIES

WEAKNESSES THREATS

(+) Extensive IT training and
support provisions
(+) Good relationship between
project participants
(+) Skilled workforce
(+) Corporate commitment to
PWIME

(+) Improved communications and
coordination between project participants
(+) Ability to facilitate international
strategic alliances
(+) Ability to increase savings in standard
operating costs

(-) Lack of project management team
commitment
(-) User resistance to change
(-) Low technology capabilities of
project participants

(-) IT budget blow-out
(-) Poor interoperability of PWIME tool
with existing IT portfolio
(-) Negative image created if PWIME tool
fails to deliver improved construction
procurement

 
 

Figure 6.11  A result of SWOT analysis for the PWIME 
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Table 6.3  Priorities and consistency ratios of comparisons of the SWOT groups and 
factors carried out for PWIME implementation 
 

SWOT 
Group 

Priority 
of group 

SWOT factors CR Priority of 
the factor 
within the 
group 

Overall 
priority 
of the 
factor 

Strengths  0.27 1. Extensive IT training and 
support provisions 

2. Good relationship between 
project participants 

3. Skilled workforce 
4. Corporate commitment to 

PWIME 

2.3% 0.059 
 
0.125 
 
0.408 
0.408 

0.016 
 
0.033 
 
0.109 
0.109 

Weaknesses 0.15 1. Lack of project management 
team commitment 

2. User resistance to change 
3. Low technology capabilities of 

project participants 

1.4% 0.094 
 
0.168 
0.738 

0.015 
 
0.026 
0.114 

Opportunities 0.50 1. Improved communication and 
coordination between project 
participants 

2. Ability to facilitate international 
strategic alliances 

3. Ability to increase savings in 
standard operating costs 

0.7% 0.090 
 
 
0.143 
 
0.767 

0.045 
 
 
0.071 
 
0.380 

Threats 0.08 1. IT budget blow-out 
2. Poor interoperability of PWIME 

tool with existing IT portfolio 
3. Negative image created if 

PWIME tool fails to deliver 
improved construction 
procurement 

0.5% 0.122 
0.230 
 
0.648 

0.010 
0.019 
 
0.054 

 

From Table 6.3 it can be seen that the consistencies of the comparisons carried out in Step 2 

were good. The comparisons at this level did not cause any difficulties in this example. 

However, the comparisons in Step 3 above, proved to be more complicated, with the 

consistency ratio CR being as high as 9.0%. This result can still be considered acceptable, but it 

is clearly higher than the others. 
 

6.10.3 SWOT summary 
 

It is evident that most IT implementation strategy formulations are based on intuition and 

subjective judgements instead on outcomes of formal planning. By using a cross-functional RC 

team, and the proposed hybrid method, IT implementation problems can be mitigated 

extensively. Interaction, learning and consensus can all be achieved by, for example, including 

the Delphi technique in the planning process (e.g. Kangas et al., 1996). The hybrid method of 

AHP and SWOT increases and improves the information basis of the IT strategic planning 

processes.  
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WEAKNESSES THREATS

OPPORTUNITIES

Extensive IT training and support provisions

Good relationship between project participants

Skilled workforce

Corporate commitment to PWIME

Lack of project management
team commitment

User resistance to change

Low technology capabilities 
of project participants

IT budget blow-out

Poor interoperability of PWIME tool with 
existing IT portfolio

Negative image created if PWIME tool fails to
 deliver improved construction procurement

Improved communications and
coordination between project participants

Ability to increase savings 
in standard operating costs

Ability to facilitate international strategic alliances

 

Figure 6.12  Graphical representations of the results of pairwise comparisons of SWOT 
groups and factors 

 

6.11 STEP 3: IT Diffusion Strategy �Story Telling� 

 

When an investment in IT is made, there is a time lag before that technology is adopted 

throughout the project, and its full potential is harnessed (Weber and Pena-Mora, 1997). This 

process of adoption is termed diffusion. Three main phases of IT diffusion have been identified 

(Pena Mora et al., 1999): (1) substitution of existing technologies; (2) enhancement of 

processes; and (3) transformation of organisation and strategy. Within each phase, the diffusion 

process is seen as a sequence of �S curves� that describe a stepwise progression. During the 

progression, structural, technological and organisational barriers, such as the lack of 

technological maturity, the lack of information about technological possibilities, the lack of 

ability to analyse problems, the lack of resources to realise optimal changes, and the lack of 

ability to implement changes optimally, are overcome. 

 

During the substitution phase, IT is used to replace existing processes. The returns seen through 

this phase are often related; automated tasks and electronic transmissions decrease wasted time 

and improve efficiency. One example might be the efficiency realised by the computerised 
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drawing transfer in the design phase of a construction project. Enhancement occurs as the 

organisation realises new, more effective or efficient processes that increase quality or improve 

productivity on the construction project. An example of an enhancement strategy might be the 

automatic monitoring of the material inventory, with the global purchasing based on the project 

and market conditions. The transformation involves the evolution of the strategy to a point 

where IT forms a major part of the deliverable product. The development of �smart� 

components of a highway might be an example of an evolution technology. The creation of a 

Project Web Information Management Extranet (PWIME), where the contractor, designer and 

owner representative work together, can be classified in the transformation phase.  

 

Gaining an understanding of the above IT diffusion phases is the first step in determining what 

phase the IT project is in and where it should go. Determining where the project should go is the 

next step and requires more than just the �right development team composition� and the �right 

questions�. In order to develop an effective IT diffusion strategy, the information sought and 

gathered in the previous step must be carefully analysed, and recommendations, that result from 

this analysis, must be reviewed by all that have a vested interest in those recommendations. 

Moreover, those stakeholders (managers, IT professionals, clients, sub-contractors, etc.) should 

be asked to find problems or weaknesses in the IT system. 

 

One powerful tool for structuring this critical analysis is called �story telling�. Proponents of 

story telling (Shaw et al., 1998) suggest that it forces planners to think through their 

recommendations and helps build support for the implementation efforts that are to follow. The 

work of Goldratt (1992; 1994), studied by both scholars and practitioners, underscores the 

power of a story. Although fictional, and not written as a strategic plan treatise per se, The Goal 

and It�s Not Luck illustrate the heuristic power of a drama depicting human foibles in the pursuit 

of organisational excellence. 

 

This same heuristic power can be created when teams are brought together to plan for the 

integration of IT (Dos Santos and Sussman, 2000). Story telling provides both a method and a 

forum for the team to think through the changes that will be necessary to take advantage of the 

IT system and, at the same time, addresses the resistance to change that might be encountered. 

Typically, selected IT proposals are sold (by proponents) through identifying lists of benefits 

that will be obtained if the IT system were to be implemented. Typically, lists of benefits can be 

done by compiling information from SWOT analysis into bulleted point format. Such bulleted 

points reduce the complexity of IT implementation to seductively simple �to do� lists.  
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Every selected IT project proposal should include a story that clearly describes how the 

proposed project will benefit the organisation (tie-into the organisation�s strategy and plans), 

how organisational assets and processes will be affected by the new IT project and what 

changes will be necessary to ensure that full advantage is taken of the IT systems capabilities 

(substitution, enhancement, transformation). The story must convey not just their proposals for 

changes in structure, people and tasks that are necessary to make best use of the project, but the 

logic behind their recommendations. Having to write such stories will force the team to clearly 

think through the recommendations, make it easier for others to understand why changes are 

being made and, finally, build support for the changes that are sought.  

 

As a planning tool, story telling builds on the results obtained through SWOT analysis. Story 

telling builds on external and internal variables examined in the SWOT analysis by treating 

strategy as an evolving drama, which, incorporates the most likely forces affecting the intended 

outcome of the story, i.e. the goal (Dos Santos and Sussman, 2000). These recommendations 

will help address the �strategic thinking� and �resistance to change� problems. A well written 

story, which explains why the new IT project is necessary, and what changes are required to 

take full advantage of it, will go a long way towards building support for this initiative, thereby 

helping overcome resistance to change. Finally, this process will force senior management to be 

heavily involved in the development efforts and, in so doing, will help overcome hidden 

phobias, and thus reduce their resistance to changes. These well-written stories can be 

developed into an operational strategy which considers each decision-making tier of the 

construction organisation. 

 

6.12 STEP 4: Operational Strategy 

 

From the IT diffusion strategy, the operational strategy is derived. Stories formulated in the 

previous step are developed into a more detailed operational strategy, which considers each 

decision-making tier of the construction organisation (i.e. project, business unit and enterprise 

tiers). Development of an operational strategy corresponds to what Mintzberg (1994) calls 

codification, i.e. the clarification and expression of strategies in terms sufficiently clear to 

render them formally operational. The following step in the proposed method � the 

�implementation strategy� � corresponds to elaboration and conversion; elaboration is defined 

as the breaking down of codified strategies into sub-strategies and ad hoc programmes, as well 

as action plans, and conversion is the consideration of the effects of the changes on the 

organisation�s operations. 
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In developing an operational strategy, the chosen scenarios established by �story telling� should 

be analysed in terms of functions (business systems), hierarchies and responsibilities 

(organisational structure), as well as in terms of the technical architecture required for the 

building of IT systems that would support the alternative growth strategies. Hence, in this step, 

various models of the target organisation should be elaborated: a functional model depicting IT 

deployment; an organisational model depicting the responsibilities and hierarchies; and a 

technical model depicting IT specifications, i.e. network requirements, software and hardware 

requirements, security, etc. 

 

6.13 STEP 5: Implementation Strategy �Action Plans� 

 

The implementation strategy is the most detailed component of the proposed strategic IT 

implementation method. This step requires the definition of robust actions, the evaluation of 

budgetary requirements, the study of time and organisational constraints, the elaboration of 

issues of human resources, management and plan coordination, migration and diffusion, etc. In 

addition, the action plans needs to be examined in relation to its risks, its strategic importance, 

the satisfaction of short-term needs of the organisation and its harmonised integration within the 

overall evolution of the specific organisation. There are three main stages to the development of 

the implementation strategy: (1) definition of action plan elements; (2) elaboration of action 

plan; and (3) risk mitigation and coping strategies.  

 

6.13.1 Definition of action plans 

 

Action plans must be clearly defined before the elaboration of these plans can take place. 

Activities that need to be undertaken in this stage include: (1) inventory of actions for strategic 

IT implementation; (2) study of implementation procedures (budgetary constraints, 

organisational constraints, types of financing, etc.); and (3) action prioritisation with reference 

to strategic importance. The RC may also determine that other aspects discovered in the 

previous steps require definition. 

 

6.13.2 Elaboration of action plans 

 

Once the definition and role of action plans are established, the action plans can be detailed. 

Activities that need to be undertaken in this stage include: (1) study of each action element 

(objectives, work breakdown structure, anticipated results, etc.); (2) time dimension 

(constraints, precendencies, control points, etc.); (3) cost dimension (purchase costs, 

development costs, maintenance costs, etc.); (4) analysis of human resource issue (training, 
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support, etc.); (5) IT management and coordination structure; and (6) analysis of migration 

strategy. Such elaboration will ensure that the IT implementation strategy is well documented 

and can easily be followed. 

 

6.13.3 Risk mitigation and coping strategies 

 

Risk factors or weaknesses need to be mitigated in the strategic planning process. By 

developing coping strategies for envisaged risk factors, an organisation can reduce the process 

gap and outcome gap. As indicated in Figure 6.13, risk factors alter the nature of the planning 

process from its intended state. This �process gap� results in a realised process which contains 

some intended elements as well as some which emerge as a consequence of the risk factor(s). 

This realised planning process may further lead to intended and emergent planning outcomes. In 

other words, actual planning outcomes may exhibit some, all or none of the benefits outlined 

previously. This difference is termed �outcome gap� and is a direct by-product of the �process 

gap�. Within the process of IT architectural planning, it is the responsibility of the RC to narrow 

the process gap so that realised processes and outcomes are those intended. This collection of 

actions is termed �coping strategies�.  
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Figure 6.13 The strategic plan and the results 
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Coping strategies may need to be developed at only one tier, or perhaps all three tiers, to 

counteract these risk factors. Table 6.4 details an example of risk factors and coping strategies 

that may be evident at the enterprise tier of a construction organisation. The final step to the 

proposed method is the follow-up and control procedures, which monitor performance and 

manage the implementation process. 

 

6.14 STEP 6: Monitoring Plan 

 

Developing a strategic implementation plan for a portfolio of IT projects does not, however, 

guarantee their successful implementation. As detailed in Chapter 3, �IT Project Lifecycle�, 

strategic IT implementation is a dynamic three-phase process that continually evolves and 

develops. Before the IT performance evaluation phase of the lifecycle can commence, 

consideration at this phase must be given to the monitoring of the implemented IT portfolio. 

Although concepts and tools for IT performance measurement are detailed in the following 

chapter titled �IT performance evaluation�, some basic principles are briefly explained in the 

following sections. These principles must be considered when developing an IT monitoring 

plan. Such a plan should consider the performance measures and data collection strategies that 

are required for each IT project implemented by the organisation. A number of theoretical and 

practical IT performance monitoring and evaluation frameworks have been developed in recent 

years for this purpose (Kaplan and Norton, 1996; Tucker et al., 1999; Marsh and Flanagan, 

2000; Love et al., 2000; Stewart and Mohamed, 2000; Love and Irani, 2001).  

 

Table 6.4  Risk factors and coping strategies: the enterprise tier 

Risk factor Process gap Outcome gap Coping strategies 
Lack of robust 
or 
understandable 
strategic plan 

Enterprise models 
based on 
unstructured view 
of strategy and 
business 

• Invalid prioritisation 
schedules 

• Lost opportunities for re-
engineering 

• Less alignment between IT 
managers and top managers 

• Heightened status of 
top IT executive 

• Improved 
documentation of plan 

 

Lack of 
interest by 
corporate 
management 

Strategic plan 
lacks input by 
corporate 
management  

• Invalid prioritisation 
schedules 

• Lost opportunities for re-
engineering 

• Less alignment between IT 
managers and top managers 

• Marketing of IT 
capabilities to 
corporate management 

• Business versus 
technical dialog to 
corporate management 

Lack of 
resource to 
implement 
strategic plan 

Limited resources 
or resources do 
not have 
necessary skills 
for 
implementation 

• Schedules 
• Lost opportunities for re-

engineering 
• Less alignment between IT 

managers and top managers 

• Training 
• Employment of key 

personnel 
• Staff utilisation 
• Employment of  

consultants 
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6.14.1 Performance measures 

 

Unfortunately, applying the measurement concept to construction is not as straightforward as it 

is for the manufacturing sector, where a clear �bottom line� exists. To assess the efficiency and 

effectiveness of IT, one must select an easily definable and limited number of performance 

measures, with a mix of short and long-term goals. Traditionally, managers have only focused 

on the economic returns of an IT investment (Ballantine and Stray, 1999). But how can 

organisations compare a strategic investment in an IT infrastructure which has a range of 

intangible and uncertain benefits with other corporate investments whose benefits are more 

tangible? Hirschheim and Smithson (1988) claim that most evaluation processes concentrate on 

technical rather than human, social or organisational aspects of the system. When developing 

performance measures, it is important to include a mix of quantitative and qualitative measures 

(Wheatley, 1997). Although quantitative measures provide more objectivity than qualitative 

measures, they both must be considered. Following Kaplan and Norton (1996), three principles 

have to be complied with in order to develop a monitoring strategy that is more than a group of 

isolated and eventually conflicting strategies and measures: (1) build in cause-and-effect 

relationships; (2) include sufficient performance drivers and outcome measures; and (3) linkage 

to financial measures. 

 

6.14.2 Data collection 

 

In this section, the key ground rules for collecting and analysing reliable performance data to 

track the quantitative and qualitative measures are detailed. For each data collection requirement 

� whether qualitative or quantitative � the organisation should develop either manual or IT-

enabled tools to reduce the burden of collecting performance information. Examples of these 

tools include personal observation, formal performance measurement reports, customer 

satisfaction surveys and interview questions, reviews of records and documents, and automated 

hardware and software productivity data collection tools. Where existing quantitative and 

qualitative data is readily available within the organisation, it may be used to support the 

monitoring efforts with little or no change.  

 

A major challenge in outcome and impact measurement is determining the cause-and-effect 

between the investment and the results. When deciding upon the data to collect, accuracy of the 

data is sufficient and consequently more valuable and cost effective than its preciseness. The 

organisation, therefore, needs to establish the quality of the required IT performance 

measurement data by answering the following questions: 
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• Are the data currently available? If not, can data be collected?  

• Are there better indicators for which data are currently available?  

• Are the data sufficiently reliable?  

• Are there biases, exaggerations?  

• Are data verifiable and auditable?  

 

The organisation needs to establish the specific timing so that it can obtain IT performance 

measures at each decision-making tier. The following questions need to be addressed to ensure 

consistent IT performance measurement data for the analysis: 

 

• Are the data timely enough to evaluate performance?  

• How frequently do the data need to be collected and reported?  

 

Figure 6.14 illustrates management interests, measurement focus and timing at each decision-

making tier for a construction organisation. 
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Figure 6.14 IT performance measurement focus and timing  

(adapted from GAO/AIMD-97-163, 1997) 
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6.15 Predictors 

 

The ten predictors, identified in Table 6.2 and included in the �IT implementation and 

monitoring strategy� framework (Figure 6.10), surround the proposed strategic IT 

implementation process. In a study by Gottschalk (1999), ten content characteristics of formal 

IT plans were identified from the research literature as potential implementation predictors. 

From a survey of 190 companies in Norway, with strategic IT plans, Gottschalk (1999) revealed 

a significant relationship between the content characteristics of the plan and the extent of the 

plan implementation. The RC should consider the ten predictors for examination when 

undertaking the proposed steps to strategic IT implementation. Operational plans and action 

plans should address the relevant predictors identified by Gottschalk (1999). Additional 

predictors should be included in the operational strategy and the implementation strategy, where 

identified by SWOT analysis and �story telling�. 

 

6.16 Summary 

 

The importance of IT to the world economy is self-evident. Few of the structural changes in our 

economy would have come about without advances in IT. In the airline industry, for example, 

IT has helped some organisations prosper and has led to the demise of others. It is, therefore, 

surprising that, after over 40 years since the introduction of IT in the construction industry, 

organisations still are unable to obtain many benefits from IT investment until some years after 

expenditures have been incurred. Furthermore, the construction industry is slow to embrace 

innovative IT applications, such as e-commerce, e-conferencing, Intranets and the Internet, due 

to the limited strategic planning undertaken by construction organisations. 

 

The proposed six-step framework, to strategically implement and monitor IT in a construction 

organisation, serves to accelerate the rate at which changes in people, tasks and structure will 

take place. In so doing, the gap between the rates at which the technology and the other three 

components change will be reduced or eliminated. Figure 6.15 depicts the effect of the 

proposed model.  

 

The following chapter details the third and final phase of the IT project lifecycle, viz. IT 

performance evaluation is the crux of this research, and it evaluates the effectiveness of IT 

implementation in construction organisations. Strategic IT implementation and monitoring will 

help ensure that evaluated IT projects meet targeted performance. 
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Figure 6.15  Projected effects of recommendations on rates of change  
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CHAPTER  7 
 
 
 

IT PERFORMANCE EVALUATION 
 

 

7.1 General Remarks 

 

The last twenty years has seen a tremendous change in the way companies do business. Much of 

this change can be attributed to the so-called information revolution. The integrated interaction 

between IT and business processes has evolved from its initial function of automating clerical 

tasks (e.g. payroll) to supporting some organisations as they transform or re-engineer their 

operation in the face of a rapidly changing business environment.  

   

As international competition continues to intensify, significant numbers of organisations are 

investing large amounts of money in IT, as they seek to gain competitive advantage (Rotemberg 

and Saloner, 1991). Information technologies are increasingly being implemented for strategic 

reasons, such as to enable improved responsiveness through electronic commerce, and improved 

efficiency and control of internal operations (Willcocks and Lester, 1996). Leading construction 

organisations throughout the world continue to be more active in enhancing their competitive 

position by improving their performance. They thus are setting new operating targets and 

standards for national markets. This dynamic mechanism and such well-known fierce national 

competition have raised the awareness of IT benchmarking and IT performance measurement 

among the majority of leading construction organisations. 

 

The information revolution has made IT the most promising area for benchmarking as we 

commence the 21st century. Unfortunately IT benchmarking and IT performance measurement 

research has produced mostly mixed and inconclusive results (Weill and Olson, 1989). This can 

be attributed to several problems related to the definition and measurement of IT, namely that 

most studies have taken a piecemeal rather than a comprehensive approach by selecting 

individual variables as surrogates of IT sophistication (Weill and Olson, 1989). Many results are 
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on the organisational impacts of IT, and are thus far from being comparable, systematic and 

valid (Bakos, 1987).  

 

Benchmarking and performance measurement are excellent tools for measuring the effective 

implementation of IT in the construction industry. However, the industry seems to be reluctant 

to adopt it. This is probably attributable to the following: 

 

• Misunderstanding of the performance measurement concept; for many practitioners it 

simply means measuring everything; 

• Confusion surrounding what is required to make up a benchmarking exercise: What to 

measure? How it is measured? Against what are these measurements to be compared? 

• Unavailability of data, mainly because the structure of the construction process does not 

allow data associated with field-based operations to be collected readily; 

• Application of benchmarking seems to require radical changes in the way information is 

handled and documented; and 

• Lack of relevant conceptual models to support and guide data collection. 

 

The above problems demonstrate that considerable work is required to fully utilise the IT 

benchmarking and IT performance measurement concept in construction. This chapter attempts 

to introduce some guidelines to IT benchmarking and IT performance measurement in 

construction. The chapter firstly looks at the types of IT benchmarking available to improve 

construction productivity (i.e. Internal IT benchmarking, External IT benchmarking and Project 

level IT benchmarking). The chapter then attempts to align IT performance measures and IT 

benchmarking tools with organisational decision-making tiers (enterprise, business unit and 

project tiers). This alignment should enable the systematic linkage of these measures and tools 

with organisational goals and objectives. It should be noted that this chapter is not intended to 

produce a working framework, which can be used to benchmark and ultimately measure the 

performance of IT in construction organisations. Rather, the emphasis is on understanding how 

the benchmarking and performance measurement concepts can be related and adapted to IT 

implementation in construction organisations.  

 

The primary aim of the chapter is to outline the general layout and structure of the proposed IT 

performance evaluation framework and present deficiencies in the literature. The conceptual 

framework for IT performance evaluation and a summary of the research method for its 

complete development is presented. The conceptual framework is in the form of a Balanced 

Scorecard (BSC). The following chapters elaborate on the research method suggested herein in 
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an attempt to develop the perspectives, indicators and measures of the �Construct IT� BSC, so 

that the completed framework can than be applied in an industry-based validation study.  

 

7.2 Benchmarking 

 

Benchmarking is described by McNair and Leibfried (1992) as an external focus on internal 

activities, functions or operations, in order to achieve continuous improvement. The process of 

benchmarking is linked to measuring performance of single or multiple processes within a 

company to those found in competitors. During the 1990s there has been considerable interest in 

benchmarking in manufacturing and other service industries. The successful implementation of 

benchmarking is reflected in the large number of publications which address the concept, 

application and limitations of benchmarking (Camp, 1989; Spendolini, 1992; McNair and 

Leibfried, 1992; Macneil et al., 1994).  

 

Measurement focuses attention on what is to be accomplished and compels organisations to 

concentrate time, resources and energy on achievement of objectives. Measurement provides 

feedback on the progress towards the objectives. In the last few years, a number of attempts 

have been made to examine the applicability of benchmarking to construction (Walker, 1994; 

Mohamed, 1996; McGeorge and Palmer, 1997; Fowler and Gray, 1997; Mohamed and Tilley, 

1997; Chan and Kumaraswamy, 1997). As manufacturing has been the reference point and 

source of innovations in construction over the years, it is no wonder that construction 

researchers looked to benchmarking for guidance to measure construction performance. 

Investigating and verifying the applicability of manufacturing production and managerial 

concepts to construction has always been a challenge (Mohamed, 1996). Typical examples are 

concurrent engineering, lean production, total quality management, quality function 

deployment, computer integration, automation, and many more. These concepts have been 

imported from manufacturing with a view to implementation in construction (Koskela, 1992; 

Oswald and Baruti, 1992; Parfitt et al., 1993; Mohamed, 1995). While some of these concepts 

have enjoyed a reasonable degree of success in construction, many others have not. This success 

is mainly dependent on how effective the concept under investigation is in accommodating 

existing differences in manufacturing and construction operating environments (Mohamed, 

1996). 

 

In recent years, construction benchmarking researchers and professionals have focused on IT 

implementation in construction. Advancements in collaboration technologies are rapidly 

expanding virtual team concepts by bringing project team participants together through video, 

audio and virtual reality environments (Hong and Leifer, 1995; Maher, 1996; Bentley, 1997). 
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The introduction of these technologies is straining traditional viewpoints on management 

organisations and procedures (Russell and Frose, 1995). Given these changes in technology, an 

inevitable shift will emerge to take greater advantage of advanced communication and 

management capabilities, once the economic benefits of decentralised communications, offices 

and processes are documented (Mintzberg, 1996). However, to understand the impact of this 

shift, the evolving project processes must be studied, based on objective benchmarks. 

 

7.3  Benchmarking IT in Construction 

 

Applying the performance measurement concept to the complex process of IT implementation, 

however, is not as straightforward as it is in measuring cost and time. At the organisational 

level, the connection of IT to the organisation�s strategy is not always obvious. By integrating 

the principles of performance measurement into management practices, the connection becomes 

clearer. Hampson and Tatum (1994) developed a measurement and analysis framework 

focussing on a firm�s technology strategy and examined its relationships to business 

performance. The setting for this research was highway bridge construction, with an element of 

technology input being IT. Stewart (1998) offers a model of IT alignment within construction 

organisations by addressing the strategy and infrastructure of both the business and IT. 

However, most of the model�s four components have qualitative descriptions of alignment 

making it difficult for those who are after �off-the-shelf� IT performance measures to make 

direct comparison. IT performance measurement and IT benchmarking, at the project level, 

creates a new management challenge to ensure successful IT implementation. 

 

However, IT benchmarking only works if consistent methods for measuring the performance of 

IT operations can be developed and introduced. Currently, such methods do not exist in the 

construction industry (Stewart and Mohamed, 2001). This chapter argues that IT benchmarking 

should be adopted at the three following levels: 

 

• Internal IT benchmarking � where a construction organisation identifies improvement areas 

within its business operations through IT implementation, with an aim to compare these 

operations with those of others who do it better; thus setting new targets to meet. 

 

• IT benchmarking at the project level � where a construction organisation assesses the 

performance of implementing IT in its project(s), with an aim to meet client requirements, 

to measure productivity rates and to validate and maintain information systems. 
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• External IT benchmarking  - where the industry leaders, or the industry as a whole attempts 

to increase productivity through making IT tools and techniques, which were developed and 

successfully used by other industries, applicable to construction. 

 

7.3.1  Internal IT benchmarking 

 

Internal benchmarking is the examination of an individual organisation�s current processes and 

practices. Naturally, performance indicators depend upon the organisation�s line of business. 

Nevertheless useful indicators of IT performance can include: business value perspective (IT 

business value, return on investment (ROI), payback period), user orientation perspective (IT 

support, training), future readiness perspective (research into emerging technologies), and 

internal process perspective (procedures, quality assurance) (Martinsons et al., 1999). These 

measurements can be used in identifying the organisation�s strengths and weaknesses before 

proceeding with the comparison of its performance to that of other direct competitors. 

 

All organisations launch their IT benchmarking campaign to improve their performance and 

business competitiveness. As in any business process, there would be a number of non-value-

adding activities embedded within the process, i.e. activities that consume time and/or cost, 

without adding value to the process. Through IT implementation, these activities can be 

identified and, at a later stage, eliminated, leading the way to a more efficient business practice. 

An information management system, for example, that provides every project team member 

with the immediate access to required information, such as project progress, would have a 

positive impact upon project performance. As project information becomes available on a 

shared project database, non-value-adding operations, such as checks and unnecessary controls, 

would be reduced to a minimum, thus enhancing the project outcome (Mohamed and Tucker, 

1996). Processes targeted by the internal IT benchmarking exercise must be in line with the 

organisation�s overall strategic business objectives to avoid wasting benchmarking efforts. 

 

Relatively few benchmarking studies of internal IT benchmarking have been undertaken 

(Stewart and Mohamed, 2001). The majority of the relevant published work mentioned earlier 

have only resulted in snap-shots of the construction industry at a particular location, at a 

particular point in time, making it difficult to use these studies to benchmark against other 

construction companies. An exception is the Strategic Health Check, developed by the 

Construct IT Centre of Excellence (1997). This Strategic Health Check has been used by 

various researchers around the world to determine the strategic placement of IT within 

construction companies. Although, it is very limited in scope and relies on subjective ratings by 

organisations themselves, it nevertheless offers some insight into the relative levels of strategic 
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thinking amongst the construction organisations. The Health Check itself is a series of 28 

questions divided into three main areas: 

 

• Competition and business strategies; 

• The role of IT; and  

• IT strategy. 

 

As with previous studies, the Health Check is designed for evaluating the organisation and not 

the use of IT on a project. In addition, the check is subjective and relies on people within the 

company to determine their level of IT health. The lack of knowledge of IT, and an assumption 

by many that their business is �up there with the best�, could be misleading and bias the results 

of the check. Indeed, the results obtained from the Australian study utilising the Health Check 

(Stewart and Beswick, 1998) portrays the Australian construction industry as advanced in many 

areas of IT. However the researchers themselves note that the results are contradictory and 

suggest that further research is required to obtain a clearer picture of IT within the Australian 

construction industry. 

 

7.3.2 Benchmarking IT at the project level 

 

The second level of IT benchmarking is the measurement of the performance of IT on projects 

in which the organisation is involved. This level reflects the uniqueness of the construction-

working environment where different organisations are temporarily �joined� together to form, 

what can be best described as, an �informal� project team for the duration of a construction 

project.  

 

Almost all IT benchmarking case studies have focused on the organisational level and the 

capabilities of applying IT (Stewart and Mohamed, 2001). Very few research attempts have 

benchmarked the potential of process performance improvement due to direct IT 

implementation at the project level (Back and Bell, 1995; Mohamed et al., 1999; Stewart and 

Mohamed, 2001). The SCENIC (Support CEntres Network for IT in Construction) case studies 

are an exception, since they are primarily focused on benchmarking current IT use at the 

construction project level. The SCENIC study looks at comparative IT use of integrating project 

information in three European countries (Construct IT Centre of Excellence, 1997). SCENIC 

representatives in France, Sweden and the UK were each asked to put forward two projects so 

that the use of IT could be benchmarked and compared. The findings from these six projects 

provide valuable insights for construction professionals. The primary downfall of the SCENIC 

research is the measurement and benchmarking, which is not at a detailed level.  
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The construction industry has been increasingly recognising the need for a more effective 

exchange of information between project participants. A major problem facing those 

participants in a construction project is the measurement of the performance of IT 

implementation. Traditionally, performance measurement of IT has only included financial 

measures, such as Return on Investment (ROI), Internal Rate of Return (IRR) and Net Present 

Value (NPV), but has failed to include intangible benefits, such as useability, reliability, user 

satisfaction, etc. 

 

The dilemma facing many consultants and contractors, when undertaking a planning/design/ 

construction project, is how to assess whether and to what extent, IT can add value to the 

process. Techniques need to be developed to enhance the measurement of IT employment in the 

planning, design, documentation, tender, construction and maintenance stages of a construction 

project. These techniques need to be formulated from a solid framework which encompasses the 

following aspects: 

 

Value of IT expenditure < Tangible benefits + Intangible benefits 

 

Where, Tangible Benefits for a typical construction project may include: 

 

• Reduction in preliminary overhead costs;  

• Improved efficiency in document handling; 

• Improved utilisation of staff members� time; 

• Reduced reproduction of documentation; and 

• Reduction of on-site physical supervision. 

 

Where, Intangible Benefits are more extensive and may include: 

 

• Improved user/customer satisfaction; 

• Improved service to client; 

• Improved information accessibility; 

• Greater convenience to users and customers;  

• Improved information quality; 

• Greater flexibility in sending and receiving information; and  

• More reliable information available. 
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The process of IT benchmarking on construction projects is essential for supporting the 

organisation�s internal IT benchmarking exercise; the IT performance measurement(s) carried 

out throughout the lifetime of various projects would serve as an effective gauge for the 

success/failure of the actions taken in the light of the internal IT benchmarking 

recommendations. 

 

The above discussion highlights the deficiency in the current understanding of IT benchmarking 

in construction projects. The benefits of employing IT in construction projects might have been 

perceived as limited by construction professionals, but the potential benefits to the project 

management and automation of engineering and construction tasks, inherent to these projects, is 

endless. 

 

7.3.3 External IT benchmarking 

 

This level of IT benchmarking is mainly concerned with the selection and implementation of 

technological breakthroughs, developed by other industries, to generate significant 

improvements in construction productivity. Although external IT benchmarking may not 

provide construction organisations with immediate benefits, it is still considered an important 

tool for identifying improvement areas in IT performance standards that constitute the 

organisation�s IT strategy. At this level of IT benchmarking, there is an obvious benefit in 

introducing innovative processes into traditionally performed operations (Stewart and 

Mohamed, 2001). 

 

Similar to re-engineering and many other management philosophies, benchmarking too has its 

origins in the business and manufacturing sector. Xerox Corporation, USA, is considered to be 

the pioneer of benchmarking. In the late 1970�s, Xerox realised that it was on the verge of a 

crisis when Japanese companies were marketing photocopiers cheaper than what it cost Xerox 

to manufacture them. However, by using benchmarking against Japanese Companies, Xerox 

managed to improve its market position. Xerox initially focused on its manufacturing activities 

and then included other areas of its business. This effort was so successful that Xerox has 

continued using benchmarking and is, thus, internationally, very competitive (McNair and 

Leibfried, 1992). 

 

Benchmarking outside the construction industry may prove to be fundamental to the survival of 

many construction companies who operate in one of the last industries to face the change 

proposed by IT (Betts, 1999). In continuing to procrastinate by ignoring IT as a competitive 

weapon, companies within the sector must face the reality that they are highly susceptible to 
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competition from all directions. Organisations and researchers can no longer ignore the 

chameleon-like ability of companies to apply core skills to different markets. An example is 

Virgin Ltd., which have moved from a record label to expand into an airline, a hotel chain, a 

soft drinks producer and, recently, a financial services and railway operator. They did this by 

actively marketing an image that appeals to a demographic group. If the time is looming when 

companies, attracted to the size of the construction market, apply superior logistical, fabrication, 

organisational and project management skills to the construction process then action needs to be 

taken. The case for using benchmarking is the large number of companies in a variety of 

industries who have already invented that wheel; construction companies have the choice of 

learning from others or embarking on the painful path of self-discovery. 

 

7.4 Performance Measurement  

 

As early as 1983, Kaplan criticised traditional management control in general and performance 

measurement in particular (Kaplan, 1984). Many academics and practitioners have subsequently 

discussed and criticised the ways in which companies plan their operations and monitor 

performance (Johnson and Kaplan, 1987; Brimson, 1991). Since the debate began in the early 

1980�s, however, methods of management control have undergone substantial change 

(Bromwich and Bhimani, 1994). They have been accompanied by changes not only in the 

debate itself, which may be considered an important driving force in the process of 

development, but also in the business environment (Euske et al., 1993). Increasing globalisation 

and stiffening competition have imposed new demands on business, including broader product 

lines, higher quality, more reliable delivery, and lower prices. As a consequence, companies 

have increased their investments in R&D, new technology and new processes (Bromwich and 

Bhimani, 1994; Cooper, 1996). Along with these changes in the business environment, a 

number of new techniques for organising and managing companies have been introduced (Dent, 

1996).  Two of the best known are Total Quality Management (TQM) and Just-in-Time (JIT). 

However, in recent years a growing interest in how to measure performance has evolved. 

 

For a long time the early models for performance measurement focused solely on financial 

results. In 1915 the DuPont Powder Company introduced a model that would provide a better 

analysis of the return on capital employed at their subsidiaries. The success of this model soon 

led to the introduction of similar models at other companies throughout the world. Once the 

debate had begun, the first books and articles soon appeared on how performance measurement 

should really be designed and used. Dixon et al. (1990) were among the first to discuss why 

companies seeking to compete with industry leaders had to change their ways of measuring 

performance. One view is that traditional financial measures are incompatible with an 
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organisational strategy that emphasises quality and Just-in-Time. It is also important that 

strategy, actions and measures be mutually consistent � a requirement much easier to meet with 

non-financial measures than with financial ones. The for this reason is that non-financial 

measures are directly relevant to the actual operations, so that operating personnel find it easier 

to put their own work situation in a strategic context. 

 

McNair et al. (1990) took a different view, claiming that the problems with performance 

measurement had little to do with an overemphasis on financial measures; instead, the difficultly 

lay in translating non-financial ones into financial ones. To meet this challenge McNair et al. 

(1990) developed a conceptual model which they called the performance pyramid.  Kaplan and 

Norton (1992, 1993, 1994, 1996) have chosen to shift the focus from measures and 

measurement itself, as expressed in the performance pyramid, for example, to creating a true 

system of performance measurement which links the company�s long term strategy with its day-

to-day operations. 

 

During the 1990�s there has been a large number of studies which had the purpose of 

empirically determining whether the new competitive situation has affected the design and use 

of systems for measuring performance. Particularly in the United Kingdom (UK), many 

interesting studies have been presented (see for example Fitzgerald et al., 1992; CIMA, 1993). 

These studies show that Britain has broadened its earlier focus, which was mainly on financial 

measures, to include non-financial measures as well. It is also apparent that continued 

development is necessary for any further improvement in performance measurement in such 

areas as quality, reliability, lead times and technology. In addition, the link between 

performance measurement and strategic planning should be reinforced. The situation in the 

United States of America (USA) appears to resemble that in the UK in a number of respects. 

Japan, on the other hand, has made better progress in developing methods of performance 

measurement that clearly include both a strategic and an operational perspective. Throughout 

the world, practitioners and academics have also been interested in new models, like the 

Balanced Scorecard (BSC). The successfulness of the BSC concept, at an international level, 

has enabled the founders of the concept to build a worldwide management consulting 

organisation (Balanced Scorecard Collaborative) to implement the BSC method into 

organisations such as the Chemical Bank, the Wells Fargo Bank, and Mobil, to name a few. The 

Wells Fargo Bank applied the BSC concept to the performance measurement and management 

of their proposed online financial services project. By implementing the BSC they were able to 

strategically plan new �online� initiatives by assigning robust objectives and measures to reflect 

organisational requirements. 
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Despite the importance of performance measurement in construction, it has received scant 

attention within the mainstream construction management literature, particularly concerning its 

role in offering real-aid to improved construction business performance (Love and Holt, 2000). 

At present, performance measurement in construction is predominately project specific and 

profit orientated (considering �tangible� or �hard� factors, failing to take account of the broader 

�stakeholder� issues (predominately �intangible� or �softer� issues), which encroach upon these 

phenomena (Love and Skitmore, 1996).  

 

According to Ward et al. (1991), in this context it is wholly inappropriate to evaluate projects, 

contractors, procurement methods and the like, solely on the extent to which they meet client 

objectives and goals without considering the nature of their business environment, the structure 

of the organisation, the level of technology employed and so forth. Yet performance 

measurement research in construction has previously adopted a narrow focus, typically failing 

to respect the profoundly complex and independent nature of what is essentially a dynamic 

social system capable of infinite variation (Love and Skitmore, 1996; Nesan and Holt, 1999). 

 

Zairi (1996) and Olve et al. (1999) all asserted that performance measurement should look 

beyond traditional metrics and embrace essential business drivers which determine and 

influence a company�s future business. In response to calls for improved performance 

measurement, several multi-perspective frameworks have been developed, for example, the 

Balanced Scorecard (BSC) developed by Kaplan and Norton (1996). The BSC concept has been 

applied in the construction industry when Kaplan and Norton (1993) undertook a case study on 

�Rockwater�, a wholly owned subsidiary of Brown and Root/Halliburton, a global engineering 

and construction company. However, in general, the construction industry lags well behind 

other sectors, such as finance, manufacturing, services, etc., in the uptake and maintenance of 

structured performance measurement regime�s. This picture becomes bleaker, when it is 

understood that the construction industry also lags behind in the uptake and implementation of 

IT.  

 

7.5 IT Performance Measurement in Construction 

 

The above mentioned levels of IT benchmarking in construction are essential for companies to 

remain globally competitive in the 21st century (Stewart and Mohamed, 2001). IT benchmarking 

provides the techniques for construction organisations to re-engineer existing construction 

procurement processes. Once in place, IT tools need to be evaluated to ensure that they add 
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value to the company over their lifetime. This is where IT performance measurement becomes 

essential. Collecting benchmarking information provides construction professionals with 

comparison data on exemplary organisations and sets �stretch� performance standards for their 

organisation.  

 

In the absence of available IT benchmarking information, organisations may resort to baseline 

data. Baseline data collection involves obtaining IT performance measurement results at the 

early stages of IT implementation within the organisation. For example, a construction 

contractor, implementing IT performance measurement for the first time on a particular project, 

may collect data at the early stages of the pilot project. This data becomes the �baseline� against 

which further performance, throughout the project lifetime, is measured. Following the project 

completion, the contractor would have a set of measurements that can be used as the baseline(s) 

for IT evaluation on subsequent projects. Figure 7.1 displays a structure for collecting IT 

performance �baseline� data in a construction organisation. This information can be displayed 

graphically on a spider diagram as detailed in Figure 7.2. 

 

 

Pilot Project
First construction 
project adopting 
IT performance 

measurement

Subsequent
Construction

Project Subsequent
Construction

Project Subsequent
Construction

Project 

Early Stages of Pilot Project
Create �baseline� for IT implementation in
Pilot (first) construction project

At Pilot Project Completion Date
Adopt �baseline� for IT implementation in
subsequent construction projects

Compare IT implementation
performance results in
subsequent projects to pilot
(first) project results

Performance results from
subsequent projects
become the �baseline�
against which further
performance is measured

IT performance measurement
becomes part of organisation�s

management culture

 

Figure 7.1  IT performance �baseline� data collection (Stewart and Mohamed, 2001) 
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Figure 7.2  Graphical representation of IT performance evaluation data  

 

In this information age, senior managers of construction projects require a paradigm shift from 

the current project management approach to that of an investment management approach 

requiring the periodic valuation, monitoring, and evaluation of investment programs over the 

project life span. To create such an investment management approach, there is a need to develop 

a sound method for planning and evaluating IT programs that will: (1) allow greater accuracy in 

planning; (2) provide data on the return of IT investment; (3) reduce the risk associated with 

such a strategic investment; and (4) monitor the benefits of the IT investment over the entire 

project life cycle (Pena-Mora et al., 1999). In addition, such an investment management 

approach would need to handle the continuous infusion of IT investments over the project life 

span.   

 

The use of IT in construction is extending beyond the stage of piecemeal application for 

improving the efficiency of discrete operations, by individual organisations, to the advanced 

state where IT is applied strategically in commercial enterprises, government agencies and 

professional institutions. Progress in construction in this regard appears to lag behind that in 

most other sectors of the economy (Love et al., 2001). It is argued that all organisations 

involved in construction will ultimately have to think strategically about their use of IT and 

some are already doing so. 
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Unfortunately, established IT performance measurement frameworks found in the literature are 

rarely developed with the construction industry in mind. The banking, insurance, 

manufacturing, retail and financial services sector have been the most popular industries to 

benchmark in this area of research. However, in recent years a number of theoretical and 

practical IT performance evaluation frameworks have focused attention on the construction 

industry (Tucker et al., 1999; Marsh and Flanagan, 2000; Love et al., 2000; Stewart and 

Mohamed, 2000). Through a structured evaluation process the IT-induced performance 

improvement of implemented IT projects can be quantified at decision-making tiers of 

construction organisations. 

 

7.6 Applying IT Performance Measurement to Organisational Tiers 

 

IT performance measurement results lose their applicability if they do not contribute to the goals 

or objectives of the organisation (Stewart and Mohamed, 2000; 2001). IT performance 

measurement needs to be undertaken at the relevant decision-making tiers of a construction 

organisation. Due to the nature of the construction industry, it is difficult to define distinctive 

decision-making tiers within a construction organisation. However, the most commonly used 

decision-making tiers are the ENTERPRISE, BUSINESS UNIT and PROJECT levels (Stewart 

and Mohamed, 2000; 2001). This chapter argues that a tiered IT performance measurement 

approach offers several advantages, including: (1) alignment of IT measures with organisational 

objectives; (2) systematic linkage among IT measures and enterprise, business unit, project and 

individual objectives; and (3) enhanced communication and understanding IT performance 

measurement throughout the organisation. Tiering also has the added advantage of enabling 

performance accountability to take place and determines where IT performance measurement 

ownership lies.  

 

A case study undertaken by the United States General Accounting (GAO/AIMD-97-163) on 

Xerox details management operational measures at three distinct organisation tiers. As shown in 

Figure 7.3, Tier 1 consists of the corporatewide metrics, targeted for senior managers and 

executives. Tier 2 focuses on measures used by specific divisions and core business areas. These 

measures assess what is happening below the enterprise level and actually roll up Tier 3 metrics 

collected at the project level. With the aim to broaden and strengthen the foundations of IT 

evaluation in the construction industry, this chapter seeks to utilise the Xerox corporation 

example to highlight the link between IT performance measurement at each decision-making 

tier in construction. 
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Figure 7.3  Xerox tiered information management matrix 

 

Another case study undertaken by the United States General Accounting Office (GAO/AIMD-

97-163, 1997) was American Express� Technologies group. This group is also developing a 

tiered measurement process for decision-making at all management levels. Tier 1 measures 

consist of executive information that represents the technologies group�s overall effectiveness 

against such goals as: (1) achieving world class time-to-market; (2) developing new business; 

and (3) enabling business partners. Specific measures include development cycle time, time 

requirements for ongoing operations, cost of ongoing operations, cost of quality, leading quality 

indicators, and the elimination of root causes of the failures. 

 

Tier 2 measures consist of the management information for senior and mid-level managers and 

have direct links to Tier 1 measures. Tier 3 measures are operational information used for 

project development, operations, and project leaders. Tier 3 information links directly to tier 2 

and forms the basis for management decisions, root cause analysis, and continuous process 

improvement evaluations. Specific performance measures are used to evaluate individual 

projects and applications. 
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7.7  A Tiered Framework for IT Performance Measurement in Construction 

 

To establish a tiered framework for IT performance measurement in construction, the following 

topics need to be addressed. This section of the research dissertation provides the foundation by 

which to help establish the link between IT performance measures at each management tier of a 

construction organisation, namely: 

 

• Organisational theory; 

• Typical construction company organisational structure; 

• Matching information technology and organisational structure; and 

• Establishing the right organisational structure. 

 

7.7.1 Organisational theory 

 

Metaphor has been used by many writers as guidance for making sense of complex ideas about 

people and the organisations that they work in. Altmann and Hodgetts (1979) likened 

personality to the multi-layered skin of the onion, because of the multi-layered systems 

approach that is prevalent in most businesses. The pictorial image thus provoked was 

successfully carried on by Morgan (1986). Amongst other interesting metaphors of the 

organisation, he likened it to the brain and, thereby, showed the information processing 

capabilities contained within an organisation, appearing physically in such business systems as 

Management Information Systems (MIS). Metaphors ease the comprehension of complex 

entities for observers and participants in organisations, as use of these expedient attempts to 

simplify the processes that they interact with. 

 

Those in authority within organisations attempt to give substance to the structure and systems 

through a �hard� image of the enterprise, as defined by organisational charts. The chart acts as 

an information tool, but also as a control on the structure, systems and behaviour of people 

within the corporation. Indeed symbols on the organisational chart, to explain the situation 

within a company, are translated physically into such parallels as larger offices, the higher one 

is in the hierarchy or in the actions of �lower tiers� in obeying the commands of those at an 

accepted �higher up� the chain of command.  

 

The redesign of tasks can be likened to the modern approach of �re-engineering the 

corporation�, as suggested by Hammer and Champey (1993), in order for the corporation to 

become a competitive and effective structure. Searching for the �holy grail� of the �right� 

organisational structure was typified by the followers of the scientific approach to organisational 
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theory. This brief overview of organisational theory has gone some way to show that 

researchers survey the organisation and its behaviour from different perspectives. Sometimes 

these ideas meet and occasionally are contrasting, depending on the observer and their 

interpretation. The understanding of organisational behaviour is contingent on many factors, 

both intrinsic and external to the organisation and the researcher. Perhaps the inevitable 

conclusion is that there is not one �best fit� of organisational structure or systems by which to 

understand and control organisational behaviour. 

 

7.7.2 Typical construction company organisational structure 

 

Each construction company has an organisational structure that reflects the company�s history 

and development over years. Obviously, it is impossible to develop an IT performance 

measurement structure that is generic to every organisation. Figure 7.4 presents a basic 

overview of the organisational structure of an international company, Hochtief, and a subsidiary 

company, Thiess Contractors.  
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Figure 7.4 Simplified overview of Hochtief & subsidiary company Thiess organisational 
structure (Adapted from www.thiess.com.au/corporate_structure/cdstruct.html) 
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The nature of modern business is that operations and shareholders in the business are dispersed 

across the globe. Reporting, especially in public companies, are presented in publicly available 

reports. Many large organisations are producing environment, information technology and 

human resource reports to supplement the traditional financial report. 

 

Presenting the organisational structure of each construction company and trying to fit a generic 

model to every situation is verging on impossible. It is more important then that a dynamic 

model is created which includes sufficient tools to assist construction professionals develop 

their individual tiered framework for IT performance measurement. 

 

7.7.3 Establishing the right organisational structure 

 

In order for a construction organisation to move from IT performance measurement to IT 

performance management, it must possess an organisational structure that facilitates the 

effective use of assessment results. A construction organisation needs to be able to deploy an IT 

performance measurement and management strategy that includes such as the following four 

attributes: 

 

1. Effective and open communication with employees, stakeholders/shareholders, project 

participants and clients, in order to share assessment results, and any initiatives to improve 

IT performance. The fundamental reason to measure, analyse and incorporate results into 

management processes is to document and communicate findings. For example, through 

web-based technology, construction organisations have the potential to disseminate periodic 

reports, newsletters, electronic broadcasts, or other visual media to set forth their objectives 

and accomplishments. Figure 7.5 presents typical management tiers of a construction 

organisation, and project participants. 

 

2. Senior management commitment to the design and deployment of effective IT performance 

measurement and management systems. For construction companies to successfully 

implement IT performance measurement, senior management needs to not only personally 

articulate the mission, vision and goals to the various tiers within the organisation, but also 

to be involved in the dissemination of both performance expectations and results throughout 

the organisation. 

 

3. IT performance accountability at all organisational management tiers. Organisations 

should clearly identify what it takes to determine success and make sure that all managers 
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and employees understand what they are responsible for in achieving organisational goals. 

Accountability is typically a key success factor. 

 

4. IT performance targets that are linked to appraisals. Although not recommended initially, 

since employees link appraisals to retribution if goals are not achieved, performance 

appraisal makes project managers, teams and employees accountable for their contributions 

to achievement of IT goals.  

 

7.7.4 Matching IT and organisational structure 

 

With regard to the effects of IT use on structure, Swanson (1987) concluded, after a review of 

the literature, that �the general picture is one of substantial confusion and contradiction�. Bakos 

(1987) added that this conclusion was also applicable to the link between IT and organisational 

performance. As the evidence from the organisation theory and strategy disciplines suggests, 

any such link would depend on the particular organisational and environmental contingencies. 

The same can be said of the organisational construct in IT research, where confounding factors 

add to the difficulty in measuring and isolating the effects of technology. Unfortunately, 

performance has been left out of many designs, or has been replaced by surrogate-dependent 

variables, such as satisfaction and usage (Crowston and Treacy, 1986), or has been included 

only in individual case studies. 

 

Alignment begins when organisational, business-unit and project level goals and objectives are 

translated into action plans for the implementation of IT systems, processes and practices. Just 

as measure development involves many staff, IT performance plans and targets must be 

communicated at all levels of the organisation. Actual levels of performance should be tracked 

against targets, and both IT and project managers should be held accountable for the results. 

Measure and result reviews should report on the actual outcomes, while individual performance 

appraisals should link IT performance to merit, pay, bonuses, promotional opportunities and 

other incentives. 

 

Selecting and implementing IT performance measures can be complex. Each construction 

organisation and its operational customers have a mission and goals that often differ 

significantly from other organisations. A set of IT performance measures that work for one 

construction organisation, may not completely work for another construction organisation. 

Therefore, this chapter aims to enhance the awareness of practitioners to the complexities of IT 

performance measurement. It also emphasises the need to invest resources into the planning and 

documentation of IT performance measurement procedures. 
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Figure 7.5  Management tiers and project participants (Stewart and Mohamed, 2001) 

 

7.8 Linking IT Performance Measures to Organisational Tiers 

 

The process to effectively measure the contribution of IT projects to achieving the company�s 

mission begins with a clear understanding of the company�s corporate goals and objectives. 

Integrating IT projects to company goals and objectives increases the likelihood that results will 

contribute to successful company accomplishments. Accomplishments are positive results that 

achieve an organisation�s goals and objectives. Because IT projects support the mission and 

programs, the organisation�s vision and strategies need to be established before IT projects can 

be linked to goals and objectives. To establish a clear linkage, strategic plans need to define 

specific business goals and objectives and incorporate IT as a strategic resource. The key to 

linking measures with performance is to consider the various decision-making tiers of a 

construction company (Stewart and Mohamed, 2000). Although more complex in a large 

organisation, these tiers cover the ENTERPRISE, BUSINESS UNIT and PROJECT LEVEL 

(Stewart and Mohamed, 2001). This approach offers several advantages, including: (1) 

alignment of IT measures with organisational objectives; (2) systematic linkage among IT 

measures and enterprise, business unit, project and individual objectives; and (3) enhanced 

communication and understanding of IT performance measurement throughout the organisation. 
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Therefore, IT performance measures and measurement reports at each decision-making tier 

should have specific purposes.  

 

At the enterprise tier, IT performance and measures focus on the company�s mission, goals and 

objectives. Outcomes derived at the business unit tier of the construction company would be 

summarised and reported to the enterprise level. The enterprise level could then present 

deliverables to stakeholders and the general public. At the core business unit tier of a 

construction company, more detailed performance information is required by management to 

monitor and assess IT processes and programs. Business unit managers rely on the concise 

reporting by project managers. In the third and final tier, the measurement emphasis is at the 

construction project level. This level is concerned with the day-to-day performance of the IT 

processes, systems and support. A strong emphasis is placed on input and output measures at 

this level. 

 

Figure 7.6 details an IT performance measurement results chain that provides an example of the 

link between decision-making levels or tiers of an organisation. Each strategic broad goal 

realised by the company may have one or more objectives and even more performance measures 

for each objective. Figure 7.6 details only a single objective results chain. 

 

For each data collection requirement � whether qualitative or quantitative, the construction 

organisation should develop either manual or automated tools to reduce the burden of collecting 

IT performance information. Examples of tools include personal observation, formal 

performance measure reports, surveys and interview questions, reviews of records and 

documents, and automated hardware and software productivity data collection tools. Figure 7.7 

presents a data collection framework for implementing data collection tools in a construction 

organisation. 

 

Many construction management information systems already collect reliable quantitative data, 

which are useful for acquisition performance measures; and companies would be likely to have 

large investments in these systems. These include financial, personnel and administrative 

systems, as well as contractual information systems. For example, two Australian companies, 

Cox Hillier and Leighton Contractors, realised the internet�s ability to exchange large volumes 

of information and they effectively utilised it in the design of Sydney�s $700 million Star City. 

The design team developed a custom document management system to track more than 12,000 

transmissions, and 60,000 paper drawings sent to contractors, who preferred hard copies of the 

casino blueprints (Montgomery, 1998). In this example, IT was used for transferring design 

drawings from an existing to a new system.  

Lifecycle Management of IT Projects in Construction  



Chapter 7: IT Performance Evaluation   7-22 

Percent of users
satisfied with 
output of IT 
applications

Percent of users
satisfied with 
output of IT 
applications

Percent of users
satisfied with 
training and

technical support
provided

Percent of users
satisfied with 
training and

technical support
provided

Percent of users 
satisfied with 
IT applications

Percent of users 
satisfied with 
IT applications

Percent of planned 
output results 

realised compared
to deliverables

Percent of planned 
output results 

realised compared
to deliverables

Percent of  IT 
budget devoted 
to staff training 
and development

Percent of  IT 
budget devoted 
to staff training 
and development

Percent of planned
IT applications
implemented
successfully

Percent of planned
IT applications
implemented
successfully

Percent of business
unit managers
satisfied with 
project level 

reporting

Percent of business
unit managers
satisfied with 
project level 

reporting

Percent of staff
professionally 

certified in new 
IT applications

Percent of staff
professionally 

certified in new 
IT applications

Percent of 
construction 

projects 
implementing
IT applications

Percent of 
construction 

projects 
implementing
IT applications

Project
Level 

Measures

Business 
Unit Level
Measures

Enterprise 
Level

Measures

User 
Orientation
Perspective

User 
Orientation
Perspective

User 
Satisfaction

User 
Satisfaction

Broad
Company 

Goal

Company
Objective

 
Figure 7.6 IT performance measurement results chain (user orientation perspective) 
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Figure 7.7  Data collection measures and tools at decision-making tiers 
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Moreover, qualitative data from existing acquisition surveys may be used to support IT 

performance measurement efforts. Much of the data collected by those surveys will be useful 

for the IT performance measurement, with little or no change. In some cases, other survey 

instruments collect acquisition-related data. For example, a company employee survey may 

collect information useful for a particular perspective, if the acquisition-related information can 

be segregated. The company should avoid duplicative surveys and maximise the use of results 

from a minimum number of surveys. 

 

7.9 Overview of the BSC Concept 

 

As detailed in Chapter 4, the BSC concept has been chosen as the tool for IT performance 

evaluation in construction. BSC theory, advantages, disadvantages and a construction-specific 

application is detailed in Chapter 4. As previously noted, the BSC concept is well documented 

in the literature and a practical guide using the BSC is outlined by Olve et al. (2000). The 

primary aim of the section is to detail Olve et al�s. (2000) steps for building the BSC. The 

secondary aim of this section is to further reinforce the decision to adopt the BSC concept for IT 

performance evaluation in construction by presenting case studies from other industries. 

 

7.9.1 The process of building a BSC 

 

Olve et al. (2000) provides a detailed procedure for building a BSC. The general overview of 

their procedure is detailed below: 

 

• The vision: In the uppermost portion of the model there is the company�s vision at the 

highest level. Vision meaning a company�s desired future situation. The purpose of the 

vision is to guide, control and challenge an entire organisation towards realising a shared 

conception of the company in the future. 

• Perspectives: The overall vision is decomposed and described in terms of a number of 

perspectives. Scorecard perspectives are typically adapted from Kaplan and Norton�s (1992) 

original four (financial, customer, internal and learning and growth). Certain companies 

have added a separate employee or human perspective.  

• Strategic aims: The vision is expressed as a number of more specific strategic aims. These 

serve to guide the company in achieving the vision. 

• Objectives (performance indicators): At this level those objectives are described which are 

most critical for the company�s success with its vision. 
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• Strategic measures: This portion of the scorecard describes the measures and goals which 

have been developed to enable management to follow the company�s systematic efforts to 

exploit the objectives considered most critical for goal achievement.  

• Action plan: Finally, to complete the scorecard, there should also be a section describing 

the specific actions and steps which should be required in the future. 

 

These steps provide the foundation for the development of the tiered �Construct IT� BSC 

research methodology detailed in Section 7.12. 

 

7.9.2 BSC case studies 

 

In recent years a large number of companies which have begun to use the BSC (Olve et al., 

2000). In this section a number of specific examples of organisations that use scorecards or 

other models resembling scorecards will be presented. Conventional management control 

appeared to threaten values which senior executives realised were important in the long run: 

making economic use of non-financial resources like market positions, know-how and IT; 

drawing on the experience of many employees; persistently cultivating a distinctive definition of 

the business adapted to future scenarios which were deemed conceivable. The four companies 

detailed below (Halifax, Skandia, Electrolux and SKF) represent only a small fraction of the 

international companies adopting the BSC (see Olve et al., 2000). Other companies using the 

BSC include Coca Cola, British Airways, ABB, Mobil, Chemical Bank and Wells Fargo (Olve 

et al., 2000). Employment of the BSC concept by international organisations reinforces its 

practicality.  

 

Case study 1: Halifax 

 

Halifax is a UK based company with its core business in five sectors: retail operations, customer 

credit, personal lines insurance, long-term savings and protection, and treasury. In 1997, Halifax 

had a total income of 2,957 million pounds and approximately 27,300 employees. With its 

network of 1000 branches, Halifax is able to serve 18 million customers. Early in 1994, Halifax 

decided to develop a new �performance management system� based on the balanced scorecard 

approach. Today, Halifax has 2 to 5 measures in each perspective, with a total of 16 measures 

for the whole scorecard. Of these, the board of directors follows 10 to 12. Many of these 

measures are supposed to be checked every day (e.g. product sales), although some of them are 

not updated very frequently. The objectives for each measure are set once a year, but are 

reviewed quarterly. Each measure has an �owner�, who is responsible for planning, managing, 
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recording and improving the measure. At Halifax, the balanced scorecard has not replaced the 

traditional budgeting process, which plays a fundamental part in managing the business. With 

the balanced scorecard, Halifax obtained a system that put the previous performance-

measurement system in a broader context of performance management. 

 

Case study 2: Skandia 

 

Skandia, a Swedish insurance company, has become well known for what it has done with the 

balanced scorecard, and its work with the concept of intellectual capital has received 

considerable publicity, even outside Sweden (Kaplan and Norton, 1996; Edvinsson and Malone, 

1997). Skandia has approximately 9000 employees. Its interest in intellectual capital is linked to 

the character of a virtual organisation. Skandia was heavily dependent on its international 

expansion during recent years through an active network of partners, that was made possible 

through IT (Hedberg et al., 1997). Skandia have titled their BSC the �Navigator� and they have 

included a human resources perspective to Kaplan and Norton�s (1992) original four. Skandias� 

market value is considered to consist of five different kinds of capital; these correspond to the 

five perspectives in Skandias� scorecard, the Navigator. Recently, Skandia have included the 

results of the five perspectives in their annual report to shareholders.  

 

Case study 3: Electrolux 

 

Electrolux is one of the worlds leading manufacturers of household appliances. Today, it has 

approximately 106,000 employees in more than 60 countries around the world. Like many other 

companies, Electrolux operates in an increasingly changing world in which being attuned to 

customers and their needs is becoming more and more important. For these reasons a wide 

ranging project, covering vision, strategy and quality was launched at Electrolux in 1993. From 

this project it became clear that the organisation needed more information of a strategic nature 

rather than data on historical facts. Electrolux has named their scorecard a Dynamic Business 

Measurement (DBM) system. At present, DBM concentrates on 16 different key ratios, 12 of 

which are non-financial. Electrolux management views measures as being dynamic, since 

employee and customer attitudes are constantly changing.  

 

Case study 4: SKF 

 

SKF is the world�s largest manufacture of rolling bearings and currently employs 44,000 people 

around the globe. The corporation is divided into three business areas comprising a total of nine 
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divisions and their subsidiaries. Early in 1995 management concluded that there was a need to 

change the system of management control at SKF. In 1995, SKF launched its balanced 

scorecard project after a number of senior executives had read articles on the concept. The new 

concept was intended to replace the budget, which was perceived as having largely negative 

effects, while still retaining the positive features of a budget e.g. setting targets and discipline in 

meeting commitments. SKF decided to build a BSC based on the following perspectives: 

shareholder, employee, process and customer. Indeed, SKF emphasised that the primary 

problem they experienced, when implementing the BSC concept in their organisation, was 

breaking habits to use existing procedures. The following sections detail the development of a 

tiered �Construct IT� BSC for the construction industry. 

 

 

7.10  Applying the BSC to Decision-making Tiers of a Construction Organisation 

 

Once a results chain is formulated (see Figure 7.6), focus needs to be placed on compiling a 

tiered BSC for evaluating IT-induced performance in construction. Dissatisfaction with the 

limited scope of single perspective methods led to the development of the multi-dimensional 

methods detailed previously (Banker & Kauffman 1991). Collective wisdom recommends a 

multi-dimensional method involving both quantitative and qualitative components (Irani and 

Love, 2001). As demonstrated above, the BSC is one of the most widely accepted multi-

dimensional performance measurement frameworks. A 1998 study by the Gartner group found 

that �at least 40% of Fortune 1000 companies will implement a new management philosophy .... 

the Balanced Scorecard ... by the year 2000.� Chapter 4 details the theory, advantages and 

disadvantages of the BSC (Kaplan and Norton, 1992) and IT BSC (Martinsons et al., 1999). It 

also provides a hypothetical application of its employment at the project tier of a construction 

organisation. 

 

The key to linking IT performance measures with organisational goals and objectives is to 

consider the various decision-making tiers of a construction company. These tiers cover the 

enterprise, business unit and project level, as discussed previously. Adopting a tiered BSC 

approach for these decision-making tiers of a construction organisation will enhance the linkage 

of IT performance measures to organisational goals and objectives (Figure 7.8).  

 

The tiered BSC example displayed in Figure 7.9 shows how the information obtained from the 

developed tiered result chains, similar to that illustrated in Figure 7.6, can be compiled into a 

concise BSC for evaluating IT performance.  
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Figure 7.8 Adapting the BSC approach to construction organisation structure 
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Figure 7.9 A tiered BSC example for evaluating IT performance 
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The tiered BSC example detailed in Figure 7.9 illustrates only a fraction of the potential 

measures that could be included. Each one of the four perspectives may have a multitude of 

objectives and measures at each level. The number of objectives and measures included in the 

BSC is dependent on the degree to which the company wishes to evaluate their investments in 

IT.  

 

7.11 Building a Tiered �Construct IT� BSC and Performance Evaluation Framework 

 

The BSC concept, developed by Kaplan and Norton (1992) and later modified for the 

management of IT by Martinsons et al. (1999), can be used as a foundation for the development 

of a framework for IT performance evaluation in construction. Adhering to the four principles 

developed by Kaplan and Norton (1996) is imperative for the development of a �Construct IT� 

BSC and IT performance evaluation framework that is more than a group of isolated and 

eventually conflicting strategies and measures (see Chapter 4). They include: 

 

• Built in cause-and-effect relationships; 

• Sufficient performance drivers; 

• Provision of linkage to financial measures; and 

• Format and content of outputs. 

 

Building a tiered �Construct IT� BSC, which is relevant to the construction industry, requires the 

development of industry specific perspectives, goals (performance indicators) and measures. 

The following sections define these requirements and refer to relevant chapters of the thesis for 

their full development and implementation.  

 

7.11.1 �Construct IT� BSC layout and explanation 

 

The tiered BSC is a logical foundation for the �Construct IT� BSC layout. The developed 

�Construct IT� BSC utilises linked tier specific performance indicators with associated 

measures. These IT performance indicators are grouped into IT performance perspectives. The 

purpose of this exercise is twofold: (1) to develop a user-friendly �Construct IT� BSC detailing 

construction specific perspectives, indicators and measures; and (2) to systematically develop 

and link indicators and associated measures, according to Kaplan and Norton�s (1992) four 

principles, to ensure that IT performance evaluation can be undertaken through a structured 

method. Figure 7.10 illustrates the �Construct IT� BSC layout and the requirements for its 

complete development. 
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Figure 7.10  �Construct IT� BSC layout and explanation 

 

7.11.2 IT performance perspectives 

 

A number of IT performance measurement frameworks, tools and specific measures have been 

developed over the years which address the different phases of the IT management process. 

Many of these frameworks have been developed with the banking, insurance or manufacturing 

sector in mind. The first step in developing a comprehensive framework for IT performance 

measurement in construction is to establish solid performance measurement perspectives.  

 

Chapter 8 of this thesis critically reviews modern or popular multi-dimensional frameworks to 

establish IT performance measurement perspectives relevant to the construction industry. IT 

performance measurement perspectives are designed to be broad in nature and thus making 

them relevant to each decision-making tier of a construction organisation. Each perspective of 

the developed framework consists of a series of IT performance indicators which evaluate 

specific criteria relevant to the perspective at a particular decision-making tier. 
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7.11.3  IT performance indicators 

 

The IT performance perspectives are relevant to each decision-making tier of the organisation. 

Each tier consists of a tier-specific group of IT performance indicators that are designed to 

reflect the goals and objectives of the particular tier. IT performance indicators can be described 

as sub-criteria to the perspectives (or criteria). These indicators are very specific and examine 

particular processes of the organisation where IT implementation can improve performance of 

traditional processes by a significant extent. To establish IT performance indicators, the 

opinions of industry must be obtained through quantitative analysis at each decision-making 

tier. IT performance measurement using IT performance indicators alone can produce very 

subjective assessments. Each IT performance indicator may have a number of IT measures to 

assist in assigning a score for a particular indicator. These measures allow quantitative data to 

be obtained for a particular process. This allows direct comparison between current and 

previous performance and eventually the benchmarking of performance. IT performance 

indicators will be discussed in more detail in Chapter 9. 

 

7.11.4 IT performance measures  

 

Performance measures have been defined by Tucker and Taylor (1990) as, �usually, but not 

necessarily, a ratio or combination of items which result in a value with units such as dollars 

per square metre, manhours per job, operating hours per year etc�. 

 

Performance measures are quantitative evaluations of the products of an activity or process. A 

performance measure is normally composed of a number and a unit of measure. The number 

gives us the magnitude and the unit gives the number or meaning. Metrics (standards of 

measurement, such as frequency, mean time, percent of, percent complete and so on) are used to 

reflect the extent of a product and to determine whether or not an expected rate of progress is 

being met. For example, to evaluate the efficiency of the activity of sending messages, one may 

count the number of times messages are not delivered on time as a proportion of the total 

number of messages sent.  

 

This research dissertation includes additional measures of a qualitative nature, which extend 

beyond the typical perceptions of performance measures. User orientation criteria are imperative 

for evaluating the IT-induced performance improvement of the organisation. For example, the 

measure �% of users satisfied with IT applications� requires the subjective assessment of users 

but also adopts metrics of a quantitative nature. The RC of an organisation should limit the 
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employment of these types of measures, but their use is necessary to evaluate the complete 

business value of their IT portfolio. 

 

7.11.5 Tiered IT performance evaluation framework 

 

A tiered IT performance evaluation framework for construction organisations can be developed 

once the proposed �Construct IT� BSC is finalised. The proposed tiered IT performance 

evaluation framework aims to provide construction organisations with a structured method by 

which to calculate: (1) the IT-induced performance improvement of tier specific performance 

indicators; (2) the overall IT-induced performance improvement of each perspective at 

organisational tiers; and (3) the overall IT-induced performance improvement at each 

organisational tier. Chapter 10 details the proposed structured method to evaluate IT 

performance at decision-making tiers and provides an application example. Chapter 11 details 

an industry-based study to validate the proposed IT performance evaluation framework. 

 

7.12 Research Design 

 

Research design directs the research strategy by defining an action plan for getting the initial 

research questions to the conclusions. It is the overall configuration of a research project, 

specifying what kinds of evidence were gathered and from where and how such evidence was 

interpreted, in order to provide good answers to research questions. The primary purpose of a 

research design is to help avoid misfit between empirical evidence and the initial question, 

clarifying the logic of research (Figure 7.11).  

 

7.13 Research Methodology 

 

A discipline or profession is established by developing a body of knowledge that is unique, that 

body of knowledge is produced through research (Fellows and Liu, 1997). Construction draws 

on a wide variety of established subjects, including natural sciences, social sciences, technology, 

engineering and management, and then applies them to the particular context and requirements. 

Only by the use of appropriate methods of research, applied with vigour, can the body of 

knowledge for construction be established and advanced with confidence. Within this section 

several activities are described: 

 

• The specification of information required; 

• Data collection methods; 

• Research instruments; 
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• Selection of industry sectors; 

• Selection of decision-making tiers; 

• Pilot study;  

• Type of data to be collected; and 

• Data analysis. 

 

7.13.1 Information required 

 

Dane (1990) suggested that, in conducting a research study, three different types of information 

needed to be collected: facts, opinions and behaviours. A fact is a phenomena or characteristic 

available to respondents who know how to observe it. The facts required for this research were 

kept to a minimal level and include organisation type, position description and experience of 

questionnaire respondents. 
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Figure 7.11 Research design 
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According to Dane (1990), an opinion is an expression of a respondent�s preference, feeling or 

behavioural intention. The major part of the primary data collected for this research was the 

expression of the respondents� opinions or perceptions. The primary data included the 

respondents� opinions on the importance of a series of IT performance perspectives and their 

associated performance indicators. 

 

The third information required for the study was behaviour. Behaviour refers to an action 

completed by respondents. Behaviours were sought through an industry-based validation study 

to measure the IT-induced performance improvement in construction organisations using the 

developed framework. These behaviours were monitored using justifiable performance 

indicators established from the questionnaire. 

 

7.13.2 Selection of data collection methods 

 

The majority of research in the social sciences and management spheres involves asking and 

obtaining answers to questions through conducting surveys of people and by using 

questionnaires, interviews (face-to-face interviews or telephone interviews) and case studies 

(Fellows and Liu, 1997). There is a finite amount of resources available for carrying out the 

fieldwork, especially where those resources are very restricted. A decision on the choice of a 

research method is therefore necessary. The choice is affected by the consideration of the scope 

and depth required. According to Fellows and Liu (1997), the choice is between a broad, but 

shallow, study at one extreme and a narrow in-depth study at the other, or a study intermediate 

of these extremes. 

 

Survey research was selected as an appropriate method for information collection in this study. 

Where a combination of facts and opinions are to be obtained, Dane (1990) stated that survey 

research is the most appropriate. Moreover, survey methods are most appropriate for description 

and prediction. Because surveys rarely involve manipulation of independent variables or the 

random assignment to conditions, they generally are not used for testing cause-effect 

hypothesis. Survey research includes methods in which participants are asked questions directly, 

such as questionnaires or interviews. 

 

The data collection instruments used in this research were simple and concise questionnaire 

surveys and face-to-face interviews. Since the trust and commitment to the research effort by 

the respondents was of paramount importance, the questionnaire and the research objectives and 

design were completely undisguised. 
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(a) Questionnaire survey 

 

A questionnaire is a preformatted written set of questions to which respondents record their 

answers. A questionnaire is an efficient data collection mechanism when the researcher knows 

exactly what is required and how to measure the variables of interest (Sekaran, 1992). 

Questionnaires can be administered personally or mailed to the respondents. When the survey is 

confined to a local area and to certain respondents, and the organisation is willing and able to 

assemble groups of employees to respond to the questionnaires at their work places, personally 

administering the questionnaires is the best way to collect data. Any doubts about survey 

questions can be clarified immediately when personally administering questionnaires. 

Moreover, the researcher also has the opportunity to introduce the research topic and motivate 

the respondents to give their honest answers. In this study, to further motivate respondents, a 

coloured pamphlet detailing the purpose of the survey and background of the framework was 

included with the questionnaire survey.  

 

On the other hand, the main advantage of the mail survey is that a wide geographical area can 

be covered in the survey (Sekaran, 1992). According to Dane (1990), distributing survey 

instruments through the mail to a predetermined sample is an example of a self-administered 

survey � a survey in which respondents complete the instrument without intervention by the 

researcher. Moreover, self-administered surveys provide greater privacy for the respondent, but 

also increase the likelihood of misunderstood items and/or incomplete responses. Conducting a 

pilot survey is one effective way to minimise this problem. 

 

The mail survey is the least expensive, least time consuming and most effective means to reach 

a specific sample (Dane, 1990). However, the mail survey also ranks lowest among 

administration methods with respect to response rates (Dilman, 1978; Dane, 1990; Sekaran, 

1992). Fellows and Liu (1997) argued that the mail survey can expect a 25% - 35% useable 

response rate. However, some effective techniques exist for improving the rate of response to 

mail questionnaire. Sending follow-up letters, enclosing some small incentives with the 

questionnaire, providing the respondent with stamped self-addressed envelopes and keeping the 

questionnaire as short as possible will help to increase return rates of mail questionnaires 

(Kanuk and Berenson, 1975). 

 

Surveys administered through the mail, however, lack one very important ingredient � an 

interviewer. Without this ingredient there is limited explanation about the items or instructions. 

Although the participant intends to respond, they might misplace the questionnaire, leave it for 

later and never return to it, or fail to return it. Essentially, the more distant � physically and 
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psychologically � the maker of the request, the more likely it is that the request will be refused 

(Dane, 1990). 

 

Because questionnaires are commonly used in surveys, it is necessary to know how to design an 

effective questionnaire. In designing the questionnaire, I focussed on three areas designed by 

Sekaran (1992): (1) the wording of the questions: (2) how the items will be categorised, scaled 

and coded after the questionnaire responses are received; and (3) the general appearance of the 

questionnaire. All three are important issues in the questionnaire survey in order to minimise 

bias in the research. 

  

(b) Face-to-Face interviews 

 

The main advantage of face-to-face or direct interviews is that the researcher can adapt the 

questions as necessary, clarify doubts, and ensure that the responses are properly understood by 

repeating or rephrasing the questions. However, the main disadvantages of face-to-face 

interviews are the geographical limitations they may impose on the surveys and the vast 

resources needed if such surveys need to be done nationally or internationally.  

 

7.13.3 Research instruments 

 

The research instruments were produced in a four-phase process. Firstly, from the intensive 

literature review, secondly from research seminars held comprising an audience of academics 

and senior research students, thirdly from consultation with industry professionals and finally 

from a pilot study to confirm the framework perspectives. 

 

(a) Industry meetings 

 

The main objective of meeting with industry professionals was to include, remove, modify 

and/or clarify the set of developed project-specific performance indicators. Two independent 

professionals, with over 15 years of experience, were asked to give comments about individual 

performance indicators, size and layout of the questionnaire and time needed to complete the 

survey, etc. In particular, they were requested to review each item of the questionnaire in order 

to avoid ambiguity. A summary of their feedback is as follows: 

 

• Questionnaire size needs to be reduced; 

• Survey scale needs to be reduced from a 7 point to 5 point scale; and  
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• Individual performance indicator descriptions need to be expanded for improved 

interpretation. 

 

(b) Seminar 

 

Research seminars were another medium for detailing the research method to an international 

audience and for receiving feedback. These seminars were imperative to finalise the research 

methodology and survey questionnaires. Research seminars were conducted internally in the 

School of Engineering, Griffith University, Gold Coast Campus, and externally via international 

conferences in Hong Kong, Singapore, Malaysia and Taiwan. Particular importance was placed 

on the IT performance evaluation framework perspectives and their associated performance 

indicators. I presented the Confirmation of Candidature seminar to an academic audience in 

April 2000. In this seminar, I delivered the work to date and sought approval to proceed with the 

data collection. Approval for the proposed methodology was given.   

 

(c) Description of questionnaires 

 

The questionnaire survey issued to the respondents is shown in Appendix D. The questionnaire 

used both open-ended and closed questions. Some of the questions were factual, such as those 

related to personal data (company name, position, etc.). This type of question is often closed. 

Respondents select their answer from a number of predetermined alternatives. Other questions 

may be described as open-ended. Respondents can give a personal response or opinion in their 

own words. The closed response format is easier to code, takes less of the respondent�s time, is 

easier to compare responses, was less biased and ensures that respondents use the researcher�s 

frame of reference. Some space was reserved for additional, individual comments. 

 

7.13.4 Selection of industry sectors 

 

The choice of sector and target firms for investigation was critical for this research. This 

research concentrated on the non-residential construction and infrastructure sectors of the 

Australian construction industry. Respondents were selected primarily from large construction 

contractors, however, a limited number of consultants and government respondents were also 

included. To assist with the selection of appropriate respondents, a comprehensive discussion 

with industry professionals and senior lecturers was undertaken, in addition to a review of 

construction industry publications.  
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7.13.5 Selection of industry tiers 

 

As previously detailed, IT performance evaluation needs to be undertaken at various decision-

making tiers of organisations. The literature review identified three decision-making tiers for IT 

performance evaluation: project, business unit and corporate tiers. I decided to focus on the 

project (operational) tier of an organisation to limit the size of the research project. The purpose 

of focusing on this tier was to develop tier-specific indicators for IT performance evaluation. 

Project tier indicators are primarily focused on evaluating the degree of IT-induced performance 

improvement of operational project-based processes, whereas the business and corporate 

indicators are focused on more strategic matters.  

 

7.13.6 Pilot study 

 

As all questionnaires should initially be piloted (Fellows and Liu, 1997), the piloting tested 

whether the questions were intelligible, easy to answer, unambiguous, etc. Through obtaining 

feedback from these respondents, there was an opportunity for improving the questionnaire, 

filling in gaps, determining the time required to execute and the ease of completing the exercise. 

 

The pilot study helped me to refine the data collection plans regarding the content and 

characteristics of the data. The pilot study was conducted with 42 respondents from the project 

level in Australia. In addition, close consultation with two industry experts was used to refine 

the final questionnaire. Piloting is vital to ensure data provision by respondents is easy and the 

requirements are clear. The two primary concerns of the pilot study was to ascertain the 

reliability and validity of the data. Reliability concerns the consistency of a measure. Validity 

concerns how effective a measure is for its purpose. 

 

The pilot study aimed to test the conceptual framework and the capability of the survey form, as 

follows: 

 

• Ascertain whether the conceptual framework is justifiable; 

• Ascertain whether each item is clear and unambiguous; 

• Ascertain the relative weighting of performance perspectives and indicators; and 

• Ascertain whether any performance indicators are superfluous.  
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7.13.7 Types of data collected and analysed 

 

A project-focused questionnaire was disseminated in this research dissertation. The 

questionnaire was designed on the basis my field of experience and the existing literature on 

performance measurement of IT in construction. The questionnaire focused on IT performance 

evaluation, in particular, IT performance perspectives and associated performance indicators.  

 

The survey was designed with three sections. The first of these sections focused on the 

respondents company position, organisation, industry experience and IT portfolio. In the second 

section, respondents were requested to rate the importance of IT performance perspectives and 

their associated performance indicators. The last section was concerned with the relationship 

between these IT performance perspectives and indicators. This section was designed to 

examine the degree of interrelationship between performance indicators and the dependency of 

perspectives on these indicators.  

 

For the second section, thirty items (indicators) were grouped into five categories (perspectives), 

namely: Operational, Benefits, Technology/System, Strategic Competitiveness and User 

Orientation. Respondents had the opportunity to rate the importance level of listed indicators on 

an ordinal scale: Not important (1), Slightly important (2), Somewhat important (3), Important 

(4), and Very important (5). In addition, the respondents were requested to assign a percentage 

weighting to each of the five above-mentioned perspectives. Respondents had the opportunity to 

include any other indicators they perceived important for evaluating IT-induced performance 

improvement.  

 

In section three, the respondents were asked to rate the importance of each performance 

indicator to each perspective using the same scale detailed above.  The purpose of this section is 

to enable the development of a performance measurement relationship matrix using principles 

detailed in Kagioglou et al. (2001). 

 

The questionnaire was developed, based on the results of an earlier pilot study, to justify 

perspectives and consultation with industry experts (see Chapter 8). The pilot study and 

industry consultation allowed the researcher to refine the questionnaire layout, refine data 

collection plans and gain an initial idea of the validity and reliability of the conceptual IT 

performance evaluation framework. 

 

The questionnaire survey was only targeted at large Australian construction contractors and a 

selected number of project managers from consulting and government organisations. Small and 
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medium construction contractors were not included in the questionnaire survey since their level 

of investment in IT would be substantially less than the larger players. 

 

To stimulate the respondents to return the survey forms, prepaid envelopes were included 

(Dane, 1990). In addition, telephone, reminder letters and personal contact was used to follow-

up the survey form. One hundred and three (103) completed project level questionnaires, from 

different organisations in Australia, were returned. This represented an average response rate of 

nearly 32% (see Chapter 9). 

 

7.13.8 Data analysis 

 

After data was collected from the questionnaire survey and interviews, the data was analysed. 

Prior to analysis, some preliminary processing was undertaken. This included editing data, 

handling blank responses, categorising data and creating the data file in Microsoft Excel. The 

aim was to ensure consistency of data and allow results to be easily processed. 

 

The data file was transferred to SPSS 10.0 statistical package for analysis. The main analytical 

analysis used in SPSS 10.0 was descriptive statistics, factor analysis and reliability testing. The 

data analysis and results from the pilot study are detailed in Chapter 8 of this research 

dissertation. The pilot study was used to initially validate the five perspectives of the �Construct 

IT� BSC. The data analysis and results for the primary questionnaire survey is detailed in 

Chapter 9. This survey was used to further validate the five perspectives of the �Construct IT� 

BSC, to establish a concise set of performance indicators at the project tier, and to establish the 

weighting of perspectives and indicators using the performance measurement relationship 

matrix developed by Kagioglou et al. (2001). The finalised �Construct IT� BSC and IT 

performance evaluation framework established from the data analysis results is detailed in 

Chapter 10 and a validation study is presented in Chapter 11. 

 

7.14 Research Tasks 

 

This section aims to provide an overview of the research tasks necessary for building a 

�Construct IT� BSC and the procedure by which to evaluate IT-induced performance 

improvement at decision-making tiers of a construction organisation. Seven distinct research 

tasks were required to be completely develop, validate and apply the project tier �Construct IT� 

BSC and IT performance evaluation procedure (Figure 7.12). These tasks are as follows: 

 

1. Development of IT performance perspectives (criteria); 
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2. Collation of IT performance indicators (sub-criteria) and measures; 

3. Screening of IT performance indicators (sub-criteria) and measures;  

4. Refinement of framework perspectives and indicators via questionnaire survey; 

5. Building the �Construct IT� BSC; 

6. Development of a framework for IT performance evaluation; and 

7. Applying the developed �Construct IT� BSC and performance evaluation methodology 

 

The following sections provide an overview of each research task required for the �IT 

performance evaluation� phase of the IT project lifecycle. 

 

TASK DESCRIPTION OUTCOME

1.

2.

3.

4.

5.

6.

7.

Development of IT performance
perspectives (criteria)

Collation of IT performance
indicators (sub-criteria) and

measures

Screening of IT performance
indicators (sub-criteria) and

measures

Refinement of framework
perspectives and indicators

Building the �Construct IT� BSC

Development of a framework for
IT performance evaluation

Applying the developed �Construct
IT� BSC and performance

evaluation method

Establishment of IT performance
perspectives (criteria) for

�Construct IT� BSC

Summary of reported performance
indicators and measures from

literature (Appendix A)

Concise list of performance
indicators and measures

(Appendix B)

Finalised IT performance
evaluation framework for
construction organisations

Refinement and weighting of
performance perspectives,
indicators and measures

(Appendix C)

Finalised �Construct IT� BSC for
the project tier of a construction

organisation

Partial application of developed
�Construct IT� BSC and

performance evaluation framework

Critical review of multi-criteria IT
performance evaluation frameworks

Critical review of performance
measurement literature to collate
extensive list of IT performance
indicators and measures

Interviews with construction industry
professionals to screen initial list of
performance indicators and measures

Develop questionnaire (Appendix D)
and survey industry on the importance
and weight of performance perspectives
and indicators
Build �Construct IT� BSC from refined
performance perspectives, indicators
and measures

Design a tiered IT performance
evaluation framework

Industry case study employing
developed �Construct IT� BSC and IT
performance evaluation methodology
(Appendix E)

 

Figure 7.12 Research tasks to develop the �Construct IT� BSC 

 

7.14.1 Task 1: Development of IT performance perspectives (criteria) 

 

IT performance perspectives are developed in Chapter 8 of this research dissertation. As 

explained in the previous section, IT performance perspectives (criteria) are designed to be 

broad in nature and thus make them relevant to each decision-making tier of the organisation. 

Performance perspectives developed for the �Construct IT� BSC have been initially developed 

through conducting a critical review of multi-perspective frameworks developed in other 
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industries (i.e. banking, insurance, manufacturing, etc.). A project tier pilot questionnaire is 

disseminated at this stage for initial justification of the proposed perspectives (see Chapter 8). 

More extensive questionnaire dissemination is detailed in Chapter 9 to validate the proposed 

perspectives and associated indicators at the decision-making tiers. Each perspective of the 

developed framework consists of a series of IT performance indicators, which evaluate specific 

sub-criteria relevant to the perspective at a particular decision-making tier. 

 

7.14.2 Task 2: Collation of IT performance indicators and measures  

 

Tasks 2, 3 and 4 of the procedure are completed in Chapter 9 of this research dissertation. Task 

2 requires the collation of IT performance indicators and associated measures. A critical review 

of performance measurement literature is undertaken to establish a series of IT performance 

indicators (sub-criteria) and corresponding performance measures. These IT performance 

indicators and measures are detailed in Appendix A. Once a comprehensive list of IT 

performance indicators and measures are established, they can be screened and eventually 

refined through questionnaire surveys at decision-making tiers.  

 

7.14.3 Task 3: Screening of IT performance indicators and measures  

 

Screening of IT performance indicators and measures involves conducting interviews with 

construction professionals. In addition, conceptual cause-and-effect mapping was used to ensure 

linkage of indicators. The aim of this phase of the research methodology is to remove 

performance indicators and measures that are not understandable, attainable, measurable, 

economic, stable, applicable, consistent, reliable or valid. The revised table of IT performance 

indicators and associated measures can then be justified and weighted after the project tier 

questionnaire has been completed. This task also involves the development and testing of 

questionnaire surveys employing the advice of academics and industry professionals. 

 

7.14.4 Task 4: Refinement of framework perspectives and indicators  

 

Task 4 constitutes the largest proportion of the research method. This task involves the design 

and development of the questionnaires utilising the advice of academics and industry 

professionals, dissemination of questionnaires and finally the analysis of collected data. After 

the analysis and the sorting of results, a refined list of IT performance perspectives, indicators 

and measures can be summarised and tabulated. The questionnaire will also establish the 

weighting of perspectives and indicators, the interdependency of indicators, and the goal 
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dependency of perspectives. These refined IT perspectives and indicators allow the development 

of a �Construct IT� BSC.  

 

7.14.5 Task 5: Building the �Construct IT� BSC 

 

By using BSC principles and the developed IT perspectives, indicators and measures relevant to 

the construction industry, the �Construct IT� BSC can be built. The framework discussed earlier 

in this chapter details how these various components fit into the BSC structure. Chapter 10 

illustrates the full development of the �Construct IT� BSC within a construction organisation. 

The �Construct IT� BSC is the foundation for the development of a performance evaluation 

framework.  

 

7.14.6 Task 6: Development of a framework for IT performance evaluation 

 

After the development of the �Construct IT� BSC, Chapter 10 discusses the development and 

implementation of a tiered IT performance evaluation framework for construction organisations. 

The research method for this task draws on the extensive review of investment appraisal 

techniques detailed in Chapter 4. The proposed framework allows construction organisations to 

evaluate the IT-induced performance improvement at the project tier of their organisation. A 

hypothetical example is used to demonstrate the theoretical intricacies of the proposed 

framework in Chapter 10. Examples are provided to demonstrate how IT performance 

perspectives, indicators and measures combine to provide the IT-induced performance 

improvement. The practical application of the proposed IT performance evaluation framework 

is conducted in the final task of the method. 

 

7.14.7 Task 7: Applying the �Construct IT� BSC and performance evaluation framework 

 

The final task seeks to implement the developed project tier indicators in an industry-based 

study. The example detailed in Chapter 10 and explained in Task 6 of the methods aims to 

illustrate the implementation of the framework. This study also adopts a questionnaire survey 

approach to subjectively evaluate the IT-induced performance improvement in construction 

organisations. The questionnaire utilises refined IT performance indicators established from the 

previous pilot questionnaire. The aim of this study is to validate the interrelationship between 

the indicators in each perspective. This objective was achieved through a series of independent 

sample t-tests (one-tailed) that tested the various hypotheses. For example, along with other 

researchers, I contend that organisations that perform highly in the user orientation perspective 

(i.e. training, support etc.) should also experience higher IT-induced operational performance 
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(e.g. coordination, communication, contract administration, etc.). In total, ten hypotheses were 

tested (Chapter 11). 

 

In summary, Chapters 8, 9, 10 and 11 detail the development, refinement and application of a 

project tier �Construct IT� BSC and IT performance evaluation framework for construction 

organisations. 

 

7.15 Summary 

 

The success of IT benchmarking in the manufacturing and service industries has drawn the 

attention of construction practitioners and researchers to its merits in measuring and ultimately 

improving the industry�s performance. In order to improve construction performance through IT 

implementation, it is essential to have accurate and representative measurements reflecting 

current practice, trends and productivity. This chapter has examined the application of the 

benchmarking concept to IT and construction through three levels � internal, external and at the 

project level.  

 

A comprehensive IT benchmarking strategy must also include the IT performance measurement 

at the organisational tiers, to allow ongoing assessment of implemented IT applications. This 

chapter also presented the research method for developing a �Construct IT� BSC and associated 

IT performance evaluation framework for implementing IT performance measures at decision-

making tiers of a construction organisation. Finally, IT performance measurement should be 

seen as an integrated part of an ongoing process aiming to improve construction productivity 

through IT. A fully implemented IT performance measurement environment within the industry, 

as suggested herein, should significantly improve the quality of decision-making related to 

design and construction processes. The following chapters elaborate on the research method 

presented here to fully develop and apply the proposed �Construct IT� BSC and the associated 

performance evaluation framework. 
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CHAPTER  8 
 
 
 

DEVELOPING IT PERFORMANCE MEASUREMENT 

FRAMEWORK PERSPECTIVES 
 

 

8.1 General Remarks 

 

Over the past 15 years there has been an evolution in the methods proposed for the measurement 

of �IT business value�. This term has been defined by various researchers (Symons, 1991; Bird 

and Lehrman, 1993) and can be simply defined as the alignment between IT objectives and 

business objectives (Cronk and Fitzgerald, 1998). The difficulties of effectively evaluating the 

impact of IT are widely acknowledged in the literature (DeLone and McLean, 1992; Willcocks, 

1996). This is particularly true when attempting to evaluate the impact of IT on the business as a 

whole, rather than looking at individual elements of the IT system, such as user satisfaction, or 

by looking at a narrow financial perspective of the evaluation. To identify the IT performance 

measurement perspectives of �IT business value�, an analysis of measurement approaches in the 

literature was undertaken, and it is presented in this chapter. 

 

The summarised frameworks taken from the literature have been evaluated and modifications 

have been suggested to make them more relevant to the construction industry, and in particular, 

to individual construction projects. This chapter aims to develop IT performance evaluation 

perspectives that incorporate both the more obvious tangible benefits as well as the difficult to 

quantify intangible benefits of IT implementation. Due to the subjective nature of the 

performance measurement of intangible benefits, companies concentrate mainly on the technical 

rather than the human, social or organisational aspects of the system (Hirschheim and Smithson, 

1988). This problem is particularly true in the construction industry, where tight margins and 

industry competitiveness provides little resources for research luxuries. A project tier pilot 

study, utilising a small sample size, is detailed towards the end of the chapter to initially validate 

the proposed perspectives of the framework. The chapter concludes with recommendations on 
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the appropriate IT performance measurement perspectives to be adopted, and details some 

associated sample performance indicators and measures. 

 

8.2 IT Performance Measurement Frameworks  

 

Delone and McLean (1992) undertook extensive research which resulted in a summary 

management information system (MIS) evaluation techniques. They reviewed a large number of 

empirical studies which had attempted to measure some aspects of �MIS� success and that 

covered most of the performance IS evaluation techniques developed between 1981 and 1987. 

While the research covered the academic, defence, finance, banking, municipal, oil, banking, 

human resources, accounting, manufacturing and marketing industries, however there was a 

noticeable lack of input from the construction industry.  

 

Their review of 180 IS research papers led DeLone and McLean to define a popular and 

prevalent model of IS success. Their model argues that there are six major interrelated and 

independent constructs which, in combination, define IS success. These six constructs are 

Information System Quality; Use; User Satisfaction; Individual Impact; and Organisational 

Impact (Figure 8.1).  

 

The model provides a most helpful evaluation framework, as it offers a scheme for classifying 

the multitude of IS success measures proposed by the literature into six categories and suggests 

a model of interdependencies between these categories (Seddon and Kiew, 1996). The model is 

accepted as one of the more complete and better known models that have been widely used as a 

basis of empirical research (Ballantine et al., 1996). 

 

 

System 
Quality

Information
Quality

Use

User
Satisfaction

Individual
Impact

Organisational
Impact

 

 
Figure 8.1 Information systems success model (DeLone and McLean, 1992) 
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The most commonly used performance evaluation tool, �The Balanced Scorecard�, developed 

by Kaplan & Norton (1992), has been used extensively in the manufacturing, government, 

banking, retail, insurance and financial services sectors.  The Balanced Scorecard (BSC) allows 

managers to look at the business from four important perspectives: financial; innovation and 

learning; customer; and internal business. Martinsons et al. (1992) has suggested that the BSC 

may also help managers evaluate IT investments, as well as the performance of an IS 

organisation, in a holistic manner. Using the BSC framework as a foundation, Martinsons et al. 

(1999) developed the following four perspectives for the Balanced IT Scorecard: user 

orientation, business value, internal processes, and future readiness (Figure 8.2). The developed 

IT BSC effectively translates perspectives into corresponding metrics and measures that reflect 

strategic goals and objectives. The advantage of IT BSC is that it integrates the IT/IS 

management literature and IE approaches; as well as extends them in two important ways: (1) 

by adding a future readiness perspective that incorporates concepts such as innovation and 

learning; and (2) by proposing that the monitoring and control of all the key measures be 

undertaken on an on-going basis.  

 

MeasuresGoals

Future Readiness  Perspective

MeasuresGoals

Business Value  Perspective

MeasuresGoals

Internal Process  Perspective

MeasuresGoals

User Orientation  Perspective

How do we look to management?

What must we excel at?

What technologies and business opportunities/challenges are emerging?

How can we continue to
improve and create value?

What can we do to meet
the future needs of users?

How do users see us?

Internal efficiency + 
customer satisfaction =
service success

Are we 
working 
efficiently?

Are we 
satisfying 
user needs?

 

Figure 8.2  Four perspectives in the IT BSC (Martinsons et al., 1999) 
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Priest et al. (1995) undertook an in-depth study of the experiences of 45 managers and 

consultants covering nine IT investments across six organisations. Their paper discusses a 

model that integrates several findings about the type of work, evolutionary phases, domains of 

activity and impact factors which influence the conduct and outcomes of IT systems 

investments. The framework is graphically illustrated in Figure 8.3, which details the key 

concepts arising from their findings, namely: 

 

1. Domains  

 

Domains (the shaded ellipses in Figure 8.3) represent unique sets of members, processes 

and influence factors that affect the conduct and outcomes of IT systems investment. The 

framework consists of the environment, integration and model domains. 

 

2. Characteristics of Braiding 

 

Braiding is the term adopted by Priest et al. (1995) to describe the relationship between the 

project-stream and the program-stream. The pair of curves detailed in Figure 8.3 represents 

two types of work activities: Project Work and Program Work. Successful investments 

studied showed that there were several projects and programs associated with each IT 

investment. Therefore, braiding seems to serve the purpose of synchronising or keeping the 

production of the integration and model domains in step with changes in the environment 

and integration domain. 

 

3. Activity States 

 

The distinctive features of the five activity states relate to their sequence of occurrence and 

their particular impacts on the three domains already defined. The following distinctions 

were found to predominate in the successful IT systems investments studied by Priest et al. 

(1995): 

 

• Initiation: characteristically involved environment management, laid the basis for a 

business case, identified a sponsor and did not necessarily give rise to an integration 

domain, apart from the emergence of the sponsor;  

• Clarification: that stage identified by the formation of an integration domain, the 

approval of a business case and work program, and the identification of client and other 

environment groups; 
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• Realisation: the activity involved the packaging, delivery, commissioning and use of 

information technology business systems� products (ITBSP) by client groups. It was 

completed when there was a formal acceptance of the delivered products, and when 

other preparations had reached standards sufficient to allow adoption activities to be 

undertaken; 

• Assimilation: identified as the activities that contributed to the stabilising of delivered 

ITBSP�s, and at the same time lead to the competent use of delivered ITBSP�s, and also 

finalised the work processes and organisational change needed to incorporate technical 

job tools as a natural part of client operations; and 

• Adoption: that type of activity reflecting a creative shift in a clients� scope and treatment 

of work to achieve IT systems investment goals. 

 

The use of such a management framework and specific guidelines may facilitate more 

successful IT systems investment outcomes. The key message from this work undertaken by 

Priest et al. (1995) is that successful outcomes are more likely as managements� approach more 

closely fits the nature of the investment problem and its context. 

 

 

ENVIRONMENT
Domain

MODEL
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INTEGRATION
Domain

Initiation
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Assimilation

Adoption
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Braiding:
Relationship between IT project
stream and the programme-stream

 

Figure 8.3  Management framework (Priest et al., 1995) 
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Cronk and Fitzgerald (1998) addressed the first step in building an IT evaluation framework by 

operationally defining the �IT business value� construct. A distinction is made between the 

measures of factors, which result in �IT business value� creation (i.e. causes), and the measures 

of �IT business value� as outcomes of these factors (i.e. effects). In addressing the psychometric 

aspects of the overall study of �IT business value�, Cronk and Fitzgerald (1998) aimed to make a 

contribution to �IT business value� theory by operationally defining the main construct of 

interest (�IT business value�). Indeed they state that there are three natural groupings that form 

the dimensions of �IT business value� and which relate to how value is added to the organisation 

by implementing an information system. These three dimensions are detailed in Table 8.1. 
 

With these three dimensions in mind, �IT business value� may be considered loosely analogous 

to a four-sided prism, with each dimension forming one face of the prism, and the contextual 

factors representing the base of the prism. The interaction of each of the faces specifies the 

resultant form and volume of the prism (Figure 8.4a.). Similarly, the interaction of each of the 

�IT business value� dimensions (system, user and business) creates the holistic form of the �IT 

business value�. 
 

When the operational definition diagram (Figure 8.4a.) is compared with the current evaluation 

methods, the dimensions addressed by each method can be readily identified. However, some IT 

evaluation methods do not assess a single dimension, as described above, but rather the 

interaction of two or three of the dimensions, from one perspective only. For example, 

quantitative financial methods, such as ROI, measure the outcome of the interaction of all three 

dimensions (system, user, and business dependent) as seen from the financial perspective. These 

measures are called �cross dimensional measures�. To illustrate this concept, consider a cross 

section or slice of the prism (see Figure 8.4b.) where a portion of all three dimensions is 

represented. 
 

Table 8.1  Dimensions of the �IT business value� construct (Cronk and Fitzgerald, 1998) 

Dimension Aspect of Value Measures 
System 

dependent 
Value attributed as a result 
of the type and 
characteristic of the system 

Quantitative, efficiency performance measures: 
accuracy, response time, etc. (Bailey & Pearson, 
1983; Srinivasan 1985; Mahmood, 1987) 

User 
dependent 

Value attributed as a result 
of user characteristics 

Qualitative, perception measures (e.g. user 
satisfaction, user information satisfaction). 
Quantitative measures of individual 
productivity. (Pasqualetto & Kumar, 1990; 
Newcomer & Caudle, 1991) 

Business 
dependent 

Value attributed as a result 
of interaction of system 
with business 
characteristics e.g. business 
strategy 

Measures of system alignment with 
organisational objectives. Measures of fulfilment 
of business CSF, competitive advantage etc. 
(Vitale et al., 1986; Earl, 1989; Broadbent & 
Weill, 1993) 
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+ +

�IT business value� System User Business

(a)  Faces of the prism - �IT business value� dimensions

(b)  Cross section of the prism - Cross dimensional measures

 
 

Figure 8.4 Faces of the prism � �IT business value� dimensions (Cronk & Fitzgerald, 1998) 

 

Parker et al. (1988) and Wiseman (1992) detail the concept and application of information 

economics (IE). IE goes beyond traditional �IT business value� techniques and introduces the 

concepts of value and risks. IE offers a framework, within which the total positive and negative 

impacts that IT projects can have on an enterprise that can be discussed and evaluated. It looks 

at how systems will be developed and used, as well as what benefits a system may bring. Thus it 

encompasses a number of human and management factors. The reader is referred to Chapter 4 

for a detailed description of this framework. 

 

8.3 Justification for a New IT Performance Measurement Framework 

 

There are many limitations to the existing analysis frameworks, reviewed above. They include 

the following: 

 

• DeLone and McLean�s (1992) model has been used as a basis for empirical research, 

however it does not relate to the extraneous variables, both internal and external, of the 
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organisation, that also affect the dimensions of the model at each stage (Ballantine et al., 

1996; Seddon, 1997). Variables such as the organisation�s strategy, its environment and the 

characteristics of the system need to be considered. In addition, the exact definitions of the 

terms within the model and the degree of causality between the model�s elements are also 

questioned (Ballantine et al., 1996). 

 

• The BSC model (Kaplan and Norton, 1992; Martinsons et al., 1999) has a number of 

deficiencies. For example, the independent (i.e. non-financial) variables are incorrectly 

identified as the primary drivers for shareholder satisfaction (McKenzie and Shilling, 1998; 

Schneiderman, 1999). There is also no deployment system that breaks high level goals 

down into the sub-process level, where actual improvement activities reside (Schneiderman, 

1999). 

 

• The purpose of technology assessment is mainly to determine how technology changes can 

create future business opportunities (Martin, 1999). While Priest et al. (1995) looks at IT 

projects and IT programs at various levels, and from various perspectives, across the life of 

the IT project, they fail to incorporate a perspective which looks at the future value of IT 

implementation. Cronk and Fitzgerald�s framework also lacks a dimension which accounts 

for the future value of IT implementation or strategic competitiveness created by IT 

investment. 

 

• The difficulty of quantifying qualitative benefits of IT has led to the use of more subjective 

techniques. Even so, such intangible benefits are very difficult to measure (Bacon, 1994; 

Dos Santos, 1994; Willcocks, 1996). The Information Economics (IE) framework attempts 

to measure tangible and intangible benefits, as well as risk factors associated with IT 

investments. The major limitation of the IE approach is that it takes into account too many 

perspectives relying on subjective assessments. The bias towards qualitative measures 

makes IE expensive in trying to gauge performance progress against a consistent baseline, 

and to ascertain and analyze meaningful trends. 

 

The IT productivity paradox has prompted calls for new approaches to measure and evaluate IT-

related investments (Barua et al., 1996). From the above overview, it is clear that there is a need 

to develop an IT performance measurement framework which is adapted to all decision-making 

tiers of an organisation. Existing IT performance measurement frameworks thus appear to be 

deficient in many ways and lack applicability to the construction industry.  
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8.4 Developing an IT Performance Evaluation Framework for Construction 

 

Established IT performance measurement frameworks are rarely developed with the 

construction industry in mind. The banking, insurance, manufacturing, retail and financial 

services sector have been the most popular industries to benchmark in this area of research 

(Kauffman and Weill, 1989; DeLone and McLean, 1992). This research was inspired by the 

perceived lack of an appropriate performance measurement framework for IT in the 

construction industry. Developing such a framework within a construction organisation is a 

relatively new field of research. It is still struggling to define its place within the large family of 

academic disciplines. Being a young branch of science, IT in construction lacks a solid 

methodological foundation (Bjork, 1999). 

 

Thus, the first step in developing an IT performance measurement framework is to derive the 

perspectives of the framework and the relationship between them. Analysis and synthesis of the 

�IT business value� evaluation literature produced five definable and robust perspectives: 

operational, benefits, technology/system, user orientation, and strategic competitiveness. 

Table 8.2 summarises IT performance measurement factors that are included in modern multi-

dimensional frameworks along with the proposed framework. The table also illustrates the 

deficiencies in existing frameworks and groups IT performance measurement factors into the 

five perspectives.  

 

The proposed framework, shown in Figure 8.5, examines the IT implementation of five (5) 

different, but inter-connected, perspectives: 

 

1. Operational Perspective: This perspective replaces the �internal business� perspective of the 

BSC. The well-documented fragmented nature of the construction industry requires this 

perspective to go beyond an internal process focus and to encompass the diverse processes 

involving other project participants. The perspective is concerned mainly with the 

integration of IT into the organisation and the role it plays in process coordination and 

integration between the organisation and its counterparts. It is expected that the 

measurement and evaluation of the newly coordinated/integrated processes should yield 

useful data about the impact IT has on the productivity and efficiency of these processes. 

 

2. Benefits Perspective: This perspective replaces the �financial� perspective of the BSC. The 

generic term �benefits� goes beyond traditional financial measures (i.e. NPV, ROI, IRR) to 

encompass the many non-monetary or intangible benefits derived by IT implementation. 
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The perspective investigates the link between IT implementation and associated tangible 

and intangible benefits experienced by the organisation. Tangible benefits might include 

time and cost savings, which are relatively easy to assess/measure.  However, intangible 

benefits are more difficult to measure and typically include non-monetary elements 

(Serafeimedis and Smithson, 2000).  

 

3. User Orientation Perspective: This perspective replaces the �customer� perspective of the 

BSC. The term �user orientation� has been adopted for this perspective. The new term 

broadens the original customer focus to include internal as well as external customers 

(users) that are actively using the IT application or its output. From the user�s perspective, 

the value of the tool is based largely on the extent to which it helps the user do the job more 

efficiently and effectively. The perspective covers issues such as tool utilisation rate, 

availability of training and technical support and satisfaction with the tool. New IT 

applications, not embraced by the user, will obviously fail to provide value to the 

organisation.  

 

4. Strategic Competitiveness Perspective: The perspective replaces the �innovation and 

learning� perspective of the BSC. This perspective differs from the �benefits� perspective by 

focusing on the long-term strategic goals of the organisation and how the newly 

implemented technology creates competitive advantage in the future, e.g. the potential for 

global cooperation, enhancing organisational image, and attracting more sophisticated 

client. This strategic competitiveness perspective is perhaps the most difficult to quantify, 

but it has the greatest potential in the information era.  Strategic competitiveness is 

representative of management�s ability to instil the necessary cultural change to embrace 

innovative technology. Employees with the ability to adapt to an ever-changing work 

environment will be more receptive to new IT applications, which improve operational 

efficiency. 

  

5. Technology/System Perspective: In addition to the above four BSC perspectives, the 

technology/system perspective was included to encourage focusing on the technical 

elements of the IT being implemented by the organisation. This perspective refers to the 

non-people side of the technical system (i.e. hardware and software), which forms the centre 

of the BSC framework, since the remaining four perspectives are expected to relate to the 

performance of the technology/system. The perspective covers issues such as tool 

performance, reliability, availability, security and suitability to the application.  
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Table 8.2 Comparison of reviewed frameworks 
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Figure 8.5 The five perspectives of the IT performance measurement framework 

 

8.5 Justification for Proposed Framework � Pilot Study 

 

The practical application of the developed five perspectives is demonstrated through a project-

based case study where a web-based system was used, for the first time, to instantly share, 

visualise and communicate project information between project participants. The aim of the 

case study was to justify the five conceptually developed perspectives through an industry-based 

pilot study. The following sections detail the justification process. 

 

8.5.1 Survey design 

 

Building on the layout and explanation detailed in Figure 8.5, the framework perspectives 

should utilise project-, tool- and process- specific IT performance indicators designed to reflect 

the particular aspects of IT implementation which can improve the performance of project-based 

processes. To evaluate the web-based communication system under investigation, potential 

indicators were initially extracted from general management, construction management and IT 

literature (Ballantine et al., 1996; Saarinen, 1996; Parker, 1996; Ballantine and Stray, 1999; 

Betts, 1999; Serafeimedis and Smithson, 2000). The outcome of this review was a list 
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containing a large number of potential indicators, for each perspective, deemed to be applicable 

to measure IT-induced performance. Using industry input, a further screening of this 

comprehensive list was conducted to ensure validity, reliability and significance of performance 

indicators (Tucker et al., 1999). This final screening led to the establishment of two distinct 

groups of performance indicators. The first of these is objective, whereas the second is a 

subjective group of twenty-seven items (Table 8.3). It is the latter that is the focus of this 

chapter. The rationale for selecting subjective performance indicators for each perspective is 

presented below: 

 

1. Operational perspective 

 

To meet operational objectives and clients� expectations, organisations must identify key 

business processes at which they excel. These processes are the mechanisms through which IT-

induced performance improvements are achieved. For example, Atkin (1999) revealed that 

project teams reported enhanced communication and coordination by applying IT to support 

integration. Tucker et al. (1999) suggest that IT can significantly improve document transfer 

and handling through web-based technology. Aouad (1996) also supports this view. 

Instantaneous document transfer, through web-based technology, proved beneficial in terms of 

faster decision-making, quality improvements, cost savings and improved project team 

dynamics (Anumba and Evbuomwan, 1999). Baldwin et al. (1996) noted that IT applications 

and tools are essential to establish alliance relationships between project participants. 

 

2. Benefits perspective 

 

As mentioned earlier, strict economic principles, such as ROI and NPV, are partially useful for 

evaluating the benefits derived from IT investments. However, they fail to account for 

intangible benefits that are also important to IT measurement and evaluation. Intangible IT-

induced benefits on construction projects typically include streamlined processes, decreased 

errors and client satisfaction. IT applications and tools can reduce the project cost and time 

overruns resulting from the current, less than optimum, communication and information 

management process (Love et al., 1996). Researchers recognise that process re-engineering is 

imperative to streamline existing processes before IT investments will generate substantial value 

(Clark et al., 1997; Brown and Magill, 1998; Mohamed, 1999). Walker and Rowlinson (1999) 

highlight the potential for increased client satisfaction through web-based communications by 

providing instantaneous project information to clients. 
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3. Technology/system perspective 

 

The efficiency and effectiveness of the implemented technology/system affects the performance 

of the remaining perspectives of the framework. This perspective is focused on the quality of the 

technology/system and includes technically focused indicators, such as response time, down 

time, responsiveness, functional integrity, relevancy of output, secureness and user-friendliness 

(Ward et al., 1996). Flanagan et al. (1998) studied small and medium sized contractors and 

builders and concluded that construction contractors still rely on personal contact, telephone and 

paper, due to the fragmentation of project participants and unsuitable site conditions. Jung and 

Gibson (1999) identified computer system appropriateness as a key measure for planning 

computer-integrated construction. As indicated in Figure 8.5, the technology/system 

perspective interacts with each of the other perspectives.  

 

4. Strategic competitiveness perspective 

 

The strategic competitiveness perspective incorporates terminology and concepts such as future 

readiness, business competitiveness and innovation. The perspective focuses on strategic 

aspects, such as global cooperation, organisational image and the attracting of more 

sophisticated clients. According to Aouad et al. (1996), little regard has been given to the future 

potential of IT within the construction industry. Indeed Betts and Ofori (1994) suggested that IT 

offers opportunities as strategic weapons to gain competitive advantage and develop new 

business. Further, leading organisations adopting innovative IT continue to be more active in 

enhancing their organisation�s image in domestic and international markets (Stewart and 

Mohamed, 2001). Clearly, the ability of IT to deliver quality services in the future will depend 

on the preparations that are made today and tomorrow. 

 

5. User orientation perspective  

 

Implemented IT projects will fail to be utilised effectively unless the user embraces them. Thus, 

the user orientation perspective captures the ability of the organisation to provide an adequate 

level of IT training and support to users. Previous research suggests that an organisation�s 

failure with IT is primarily attributable to not meeting user expectations, which underlines the 

significance of the soft human and organisational issues involved with IT (Irani and Love, 

2001). Clarke and Clarke (1999) investigated the efficiency of IT training and concluded that 

training and human relations were important elements for achieving effective IT 

implementation. Therefore, the user orientation perspective can be seen as a key component of 

the framework. 
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8.5.2 Survey method 

 

In order to evaluate the performance of the web-based system, 27 suitable questionnaire items 

were derived from the original list of evaluation factors (Table 8.2), to develop a questionnaire 

to elicit information about the extent to which each indicator was achieved (Table 8.3). Near the 

completion of the project, the questionnaire was administered to forty-two (42) project 

participants. A Likert-type scale was employed to access responses. This scale ranged from 1 = 

�low/strongly disagree� to 5 = �high/strongly agree�. This survey is apart of a wider study 

undertaken in 2001 (Hampson et al., 2001; Mohamed and Stewart, 2002). 

 

8.5.3 Data analysis 

 

To provide an initial assessment of the 27 items in the questionnaire, mean ratings and standard 

deviations were calculated for all responses. The higher the mean the higher the degree of 

performance of the web-based system for the particular performance indicator. The raw scores 

of the responses are summarised in Table 8.3. Prior to correlation and factor analyses, analysis 

of variance (ANOVA) was performed to test whether the mean values of each item were equal 

for each group of respondents: Management, designers and administrators. This helped 

clarifying whether or not the opinions of these three groups were the same for the 27 items dealt 

with in the survey. The results suggest a consensus between the three groups in relation to all 

items covered in the survey, with the exception of one issue ie. Q18: the user-friendliness of the 

web-based system. A high degree of difference of opinion between administrators and the other 

two groups seems to exist for this item. The explanation that could be offered here is that 

administrators might have experienced some difficulty in adapting to this new system due to 

unfamiliarity with its potential scope, and unlike designers and managers, that have more 

exposure to less user-friendly computer-based applications. In summary, since there was 

minimal bias between project participant groups the data was deemed appropriate for statistical 

analysis as one sample. 

 

A bivariate correlation was undertaken with all the questionnaire items and the results showed 

that two items were highly correlated (Q5 & Q6). Malhoutra (1993) states that �if 

multicollinearity in the predictor variables exists, there is no unambiguous measure of the 

relative importance of the predictors in discriminating between the groups�. Thus, when there is 

a high degree of correlation between some of the independent items in the data, the 

interpretation of the results is difficult. This is because one item has assumed all the 

discriminating power of the other correlated item. As a result, the interpretation of the results 

should be done with considerable caution. 
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Table 8.3 Summary of questionnaire responses (Mohamed and Stewart, 2002) 

Item Item Description Mean Std dev. 
 The IT tool has:   
Q1 Enhanced coordination between project participants 3.81 0.94 
Q2 Reduced response time to answer queries 3.81 0.83 
Q3 Established and supported the project organisation 3.79 0.78 
Q4 Empowered participants to make decisions 3.21 0.90 
Q5 Facilitated document transfer and handling 4.12 0.67 
Q6 Helped keeping and updating records 3.98 0.84 
Q7 Enabled immediate reporting and feedback 3.69 1.00 
Q8 Helped Identifying errors and/or inconsistencies 3.33 0.87 
 The IT tool has:   
Q9 Enabled realising cost savings  3.60 1.11 
Q10 Improved document quality 3.48 1.09 
Q11 Decreased number of design errors 2.88 1.09 
Q12 Decreased number of Requests for Information (RFI�s) 2.81 1.09 
Q13 Led to more satisfied customers/users 3.14 1.07 
Q14 Enabled streamlining of processes 3.67 1.10 
Q15 Improved computer literacy 3.83 1.17 
 In my opinion, the IT tool has been:   
Q16 Reliable throughout the course of application 3.67 0.82 
Q17 Secure against unauthorised use 3.62 1.19 
Q18 User-friendly 3.62 0.76 
Q19 Appropriate for application/function 3.81 0.83 
Q20 Suitable for use on site   3.64 1.34 
 In my opinion, the IT tool has the potential to:   
Q21 Enhance my organisation�s image in the industry 3.36 1.14 
Q22 Help attract more sophisticated clients 2.95 1.13 
Q23 Increase my organisation�s capability for global cooperation 3.60 1.29 
 My level of satisfaction with:   
Q24 The IT tool 3.57 1.06 
Q25 Level and frequency of training provided 2.52 1.25 
Q26 Level and frequency of technical support provided 2.98 0.92 
Q27 The accuracy and quality of the output 3.67 0.82 

 

The bivariate correlation showed that the two items (Q5 & Q6) elicited similar responses. These 

two items, related to document management, were found to be highly correlated. Consequently, 

it seemed reasonable to delete question Q6, and leave the effect of the records management to 

be taken up by Q5, which acted as a surrogate item and represents the combined effects of both 

items.  
 

A principal component factor analysis, followed by a varimax rotation, was then undertaken for 

the remaining 26 items, to determine the underlying perspectives of IT performance. The data 

were deemed to be appropriate for the analysis by exceeding the 0.50 threshold level, as 

indicated by the Kaiser-Meyer-Olkin measure of sampling adequacy value of 0.59 (Hair et al., 

1998). The initial analysis, using SPSS V10.0, yielded a five-factor solution, which accounted 

for 68 percent of the variance (Table 8.4). However, the interpretability of the solution was 

rendered problematic because of one complex item, Q17, which was loaded on three factors. 
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Item Q17: �secureness against unauthorised use� was found to be equally diffused over factors 

2, 3 and 5, with a loading value less than 0.4 for each of these factors. Due to the problematic 

nature of this item, Q17 was removed from further analysis. It is worth noting here that although 

this empirical investigation warranted the removal of this indicator, the authors contend that IT 

security is an important factor that cannot be ignored. Further, construction research shows that 

security can be of concern to IT users (Walker and Rowlinson, 1999). 
 

A subsequent analysis of the remaining 25 items yielded five factors with eigenvalues greater 

than one. Together they accounted for 69 percent of the explained variance. As can be seen from 

Table 8.5, all analysed items have loadings greater than the minimum suggested by Hair et al. 

(1998) and were selected to define the five factors (perspectives). Cronbach�s Alpha for 

individual factors ranged from 0.71 to 0.89, indicating adequate internal consistency (Kaplan 

and Saccuzzo, 1993). Table 8.5 details factor loadings, explained variance, eigenvalues and 

Cronbach�s α for the five factors from the varimax rotation. 
 

Table 8.4 Varimax factor loadings for the initial five-factor solution 

Factor Analysis Components 
Item Factor 1 

Operational 
Factor 2 
Benefits 

Factor 3 
Technology/ 

System 

Factor 4 
Strategic  

Competitiveness 

Factor 5 
User Orientation

 
Q1 0.708 ** 0.222  0.303  0.016  -0.240  
Q2 0.688 ** 0.309  0.251  -0.039  -0.117  
Q3 0.827 ** 0.170  0.130  -0.005  0.122  
Q4 0.664 ** 0.164  -0.001  0.240  0.045  
Q5 0.521 ** 0.199  0.416  0.067  -0.041  
Q7 0.597 ** -0.028  0.138  0.503  -0.310  
Q8 0.639 ** 0.007  0.200  0.070  0.032  
Q9 0.310  0.719 ** 0.392  0.095  -0.106  

Q10 0.082  0.791 ** 0.355  0.182  0.181  
Q11 0.383  0.751 ** 0.051  0.153  -0.017  
Q12 0.220  0.546 ** 0.046  0.323  -0.376  
Q13 0.038  0.661 ** 0.192  0.566  0.127  
Q14 0.269  0.609 ** 0.410  0.252  -0.125  
Q15 0.008  0.357  0.124  0.745 ** 0.025  
Q16 0.087  0.387  0.698 ** 0.116  0.178  
Q17 0.218  0.361 * 0.341 * 0.240  -0.382 * 
Q18 0.275  -0.014  0.761 ** -0.030  -0.027  
Q19 0.133  0.245  0.879 ** 0.018  0.009  
Q20 0.363  -0.111  0.552 ** 0.405  -0.354  
Q21 0.093  0.179  -0.066  0.861 ** 0.091  
Q22 0.184  0.038  0.053  0.811 ** 0.200  
Q23 0.002  0.172  0.088  0.838 ** 0.040  
Q24 0.231  0.170  0.686 ** 0.049  -0.019  
Q25 -0.152  0.075  0.055  0.196  0.763 ** 
Q26 0.199  -0.082  0.120  0.156  0.860 ** 
Q27 0.124  0.325  0.605 ** 0.113  0.310  

* Variable is diffused over two or more factors 
** Variable loads strongly into only one factor 
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Table 8.5 Varimax rotated factor loadings for the five-factor solution 

Factor  Ref. Items (identifying questions)  Factor 
Loading 

OP1 Enhanced coordination between project participants 0.71 
OP2 Reduced response time to answer queries 0.69 
OP3 Established and supported the project organisation 0.83 
OP4 Empowered participants to make decisions 0.67 
OP5 Facilitated document transfer and handling 0.53 
OP6 Enabled immediate reporting and feedback 0.58 

1. Operational 
Variance = 15.7 % 
Eigenvalue = 3.94 
Cronbach�s α = 0.85 

OP7 Helped identifying errors and/or inconsistencies 0.65 
BE1 Enabled realising cost savings  0.72 
BE2 Improved document quality 0.80 
BE3 Decreased number of design errors 0.75 
BE4 Decreased number of Requests for Information 

(RFI�s) 
0.55 

BE5 Led to more satisfied customers/users 0.66 

2. Benefits 
Variance = 15.6 % 
Eigenvalue = 3.91 
Cronbach�s α = 0.89 

BE6 Enabled streamlining of processes 0.60 
TS1 Reliable throughout the course of application 0.71 
TS2 User-friendly 0.75 
TS3 Appropriate for application/function 0.88 
TS4 Suitable for use on site   0.56 
TS5 The accuracy and quality of the output 0.69 

3. Technology/system 
Variance = 15.2 % 
Eigenvalue = 3.79 
Cronbach�s α = 0.84 

TS6 The IT tool 0.60 
SC1 Enhance my organisation�s image in the industry 0.86 
SC2 Help attract more sophisticated clients 0.81 
SC3 Increase my organisation�s capability for global 

cooperation 
0.84 

4. Strategic 
Competitiveness 
Variance = 14.6 % 
Eigenvalue = 3.64 
Cronbach�s α = 0.88 SC4 Improved computer literacy 0.74 

UO1 Level and frequency of training provided 0.78 5. User Orientation 
Variance = 8.2 % 
Eigenvalue = 2.06 
Cronbach�s α = 0.71 UO2 Level and frequency of technical support provided 0.85 

 

The results of the factor analysis encourage the employment of the five perspectives for the IT 

performance evaluation framework. The following section will illustrate the way in which the 

developed perspectives can be applied to the Balanced Scorecard (BSC) concept. 

 

8.6 Applying Developed Perspectives to the BSC Concept 

 

The developed perspectives were applied to the BSC concept defined in Chapter 7. Figure 8.6 

illustrates the integration of the developed IT performance measurement perspectives and 

framework with the BSC concept. The second step to the practical application and validation of 

the developed �Construct IT� BSC is the development of goals (performance indicators) and 

measures at the decision-making tiers of a construction organisation (see Chapter 9).  

 

The IT performance evaluation framework developed in this chapter should enhance the 

establishment of an �IT performance management� culture within modern construction 

organisations by providing a robust framework, based on indicators and measures at each 

decision-making tier of the construction organisation. Each of the above-mentioned five 
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performance perspectives consists of a number of associated indicators and measures. These 

measurable elements must be linked to organisational corporate goals and objectives. The 

integration of IT projects to goals and objectives increases the likelihood that results will 

contribute to organisational accomplishments. The following sections briefly discuss each 

perspective of the framework and provide supporting examples of how construction 

organisation goals should be linked to IT performance measures. Table 8.6 illustrates a 

selection of project-orientated goals and associated performance measures for each one of the 

five perspectives. 

 

8.6.1 Measuring and evaluating the operational perspective  

 

The operational perspective focuses on the organisational results that lead to financial success 

and satisfied customers. To meet operational objectives and customers� expectations, 

organisations must identify the key business processes at which they excel. Key processes are 

monitored to ensure that outcomes will be satisfactory. The organisation�s internal business 

processes are the mechanisms through which performance expectations are achieved.  

 

MeasuresGoals (PI�s)

Strategic Competitiveness  Perspective

MeasuresGoals (PI�s)

Benefits Perspective

MeasuresGoals (PI�s)

User Orientation Perspective

MeasuresGoals (PI�s)

Operational  Perspective
Utilisation

User/Staff Training 
& Support

Increased
Competitiveness

Improved EfficiencyCultural Change

Enhanced Process

Tangible & Intangible 
Benefits

Process
Coordination
& Integration

MeasuresGoals (PI�s)

Technology/System Perspective

PI�s: Performance Indicators  
 

Figure 8.6 Applying developed perspectives to the BSC concept  
(Stewart and Mohamed, 2001) 
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Table 8.6  Sample project-orientated performance indicators and measures 

 Performance Indicator Performance Measures 

O
pe

ra
tio

na
l  

Document transfer and 
handling 
 

 
• Time savings associated with the introduction of 

new IT-based transfer and handling processes 
• Cost savings associated with the introduction of 

new IT-based document handling 
 

B
en

ef
its

 

 
Streamlining of processes 

 
• Frequency of documents stored on the project web 
• Frequency of documents transferred using project 

web 
• Total administration costs for document 

duplication for the project / Total administration 
costs for document duplication on a traditional 
project of similar nature 

T
ec

hn
ol

og
y/

 
Sy

st
em

 

 
Reliable throughout course of 
application 

 
• Frequency of messages not delivered 
• Frequency of messages/documents sent to the 

wrong address 
 

St
ra

te
gi

c 
C

om
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es

s  
Increased capability for 
global collaboration 

 
• Number of opportunities made available due to IT 

collaboration with potential partners 
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U

se
r 

O
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n  

Adequate level and frequency 
of training provided 

 
• Percent of users satisfied with training provided 

 

8.6.2 Measuring and evaluating the benefits perspective 

 

The term �benefits� is a much broader concept than �financial�, because the terminology implies 

the creation of a business value at many levels within a construction project or organisation. For 

example, the implementation of a Web Based Project Information System (WBPIS) for a 

construction project will reduce the amount of manual administration required. However, the 

real value of such a system is the improved coordination and communication between project 

participants that result in improved staff utilisation and efficiency. Consequentially, IT business 

value performance evaluation needs to be addressed at two different categories: the short-term 

cost/benefit evaluation that is commonly applied to individual construction projects; and the 

longer-term perspective relevant to the organisational level.  
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Strict economic principles, such as ROI or NPV, are partially useful in determining the value of 

an IT assisted construction project. However, they fail to account for other perspectives that are 

also important to IT measurement and evaluation. Measuring and evaluating IT from multiple 

perspectives (Barua et al., 1996), and in assorted ways, is helpful to assess its efficiency, 

effectiveness and transformative potential, both at present and in the future.  The proposed five 

framework perspectives presented in this research aim to gauge the full �IT business value� of 

any IT implementation in the construction industry. 

 

8.6.3 Measuring and evaluating the technology/system perspective  

 

Measures of the quality of the technical system include response time, down time, 

responsiveness, functional integrity, relevance of output, and the semantic quality of the 

information (Bailey and Pearson, 1983; Symons, 1991). However, these items are measures of 

technical quality not the outcome of technical quality. As illustrated in Figure 8.6, the 

technology/system perspective interacts with each of the other perspectives. By way of 

explanation, a fast, accurate system that is infrequently down and provides meaningful 

information, would be classed as dependable. The outcome of a quality system can best be seen 

as it interacts with other perspectives in the framework, such as user orientation. Obviously, 

however, it is difficult to separate what part of the outcome is due to system characteristics and 

what part is due to user characteristics.  

 

8.6.4 Measuring and evaluating the strategic competitiveness perspective  

 

The strategic competitiveness perspective incorporates terminology and concepts such as future 

readiness, business competitiveness and innovation. It is expected that construction 

organisations are unlikely to be able to meet their long-term targets for customers and internal 

processes by using today�s technologies and capabilities. Intense global competition requires 

that companies continually improve their capabilities for delivering value to customers and 

shareholders (Kaplan and Norton, 1996). This is particularly true in the construction industry 

where tight margins and industry competitiveness makes project managers eager to find new 

and innovative ways of automating and managing procurement.  

 

By instilling a future readiness culture within IT specialists and users, an organisational vision 

for the assimilation and application of new technology, or the re-engineering of a particular 

business process set, can be established (Teng et al., 1994).  
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8.6.5 Measuring and evaluating the user orientation perspective  

 

The user orientation perspective captures the ability of the organisation to provide quality 

services and training to the users. This perspective typically includes several generic measures 

for the successful outcomes of a well-formulated and implemented strategy. The generic 

outcome measures include user satisfaction, user retention and new user acquisition, resulting in 

improved utilisation and efficiency.  

 

8.7 Implementation 

 

For the effective implementation of an organisational process, it must be remembered that it 

takes time for organisations to institutionalise such processes, including IT performance 

measurement. By the successful implementation of an appropriate IT performance measurement 

framework, construction executives will see positive results, sooner, from their IT investments. 

IT performance measurement is a continual process revolving around three major steps: define 

goals and objectives; measure IT performance; and use performance information (Figure 8.7).  

 

Step 1: Define 
Goals & Objectives
�Involve stakeholders
�Assess environment
�Align organisation

Step 2: Measure
 IT Performance 

�Link measures to goals
�Produce a vital no. of

measures
�collect data
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Performance
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�Communicate results
�Identify any

performance gaps
�Benchmark

Management
Commitment
Management
Commitment

Integrate 
Management 
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Management 

Reforms

Training and 
Support

Training and 
Support

CommunicationCommunicationUser
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Figure 8.7 Key steps to IT performance measurement in construction 
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Each step contains numerous facets of IT performance measurement that need to be pieced 

together using theoretical judgement and practical experience. Quantitative justification through 

industry input is also required before IT performance measurement is taken seriously by the 

construction industry. 

 

8.8 Summary 

 

Increasing global competition and market forces demand IT integration in the construction 

industry. Global and market forces are also forcing construction executives to report on the 

�business value� generated from their IT investments. A new standard for management 

expertise is evolving: setting performance targets, designing efficiency and effectiveness 

measures, systematically and accurately measuring outcomes, and then using the results for 

informed decision-making. This chapter provided a foundation for understanding of the 

employment of a �Construct IT� BSC in an industry that can potentially gain the most value 

from it � the construction industry. 

  

This chapter has reported on the state of the IT performance measurement research by reviewing 

a number of studies undertaken in selected industries. The limitations and deficiencies of the 

existing frameworks were assessed, along with the justification of the development of the 

proposed IT performance measurement framework. In total, five IT performance measurement 

perspectives have been developed for the proposed framework: Operational, Benefits, 

Technology/System, Strategic Competitiveness and User Orientation. The construction 

organisation elements are grouped into the framework perspectives, along with some project 

orientating goals and performance measures that will make the framework more relevant to 

practitioners. The defined research objectives were used to develop a comprehensive framework 

for the implementation of IT performance measures in construction organisations. It is expected 

that, if construction organisations are willing to invest in setting up a comprehensive IT 

performance measurement framework, then they will be rewarded by results that translate 

business strategies into action. 

 

It is recommended that, any major IT revisions be made on a selective basis to ensure that IT 

performance measurements permit construction professionals to gauge performance progress 

against a consistent baseline, and to ascertain and analyse meaningful trends. Developing and 

using performance measures to improve performance requires a change in mindset and culture. 

Further, it should be noted that construction organisations lay the foundations for these changes 

by encouraging and fostering the use of performance measures. Any positive results in this area 
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will only happen when senior construction professionals are sincerely supportive and involved 

in the process itself.  

 

This chapter has provided a preliminary operational framework for IT performance 

measurement in construction. As part of this process, five IT performance measurement 

perspectives were adapted from the literature. However, indicators and measures that address 

these perspectives still need to be developed. The following chapters of this thesis examine IT 

performance indicators and measures relevant to each perspective of the developed framework. 
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CHAPTER  9 
 
 
 

DEVELOPING IT PERFORMANCE INDICATORS AND 

MEASURES 
 

 

9.1 General Remarks 

 

Growing amounts of intellectual and financial capital are being invested to collect, process, 

store and disseminate information in construction organisations. As the resource commitments 

to IT continue to escalate the following types of questions are being asked more frequently than 

ever before: Is that investment in IT really worthwhile? Is that IT application we implemented a 

success? Is our IT department (or function) productive and effective? (Martinsons et al., 1999). 

Recent surveys indicate that issues such as �measuring the value of IT� and �evaluating IT 

performance� are of great importance to managers in places like Hong Kong (Burn et al., 1993), 

the United States (Brancheau et al., 1996), the United Kingdom (Galliers and Merali, 1994) and 

Australia (Stewart and Mohamed, 2001). Given the increasing role of IT in achieving business 

goals, the extensive interest of managers in measuring and evaluating both IT processes and 

outcomes is not surprising (Brynjolfsson et al., 1997).  

 

Traditionally, the construction industry has tended to rely on �traditional� (bottom line) 

performance measures, such as efficiency, return on capital employed and profitability. These 

measures have been justifiably criticised, mainly because they: 

• over-rely on financial aspects (Clarke and Clegg, 1999); 

• are retrospective (and hence always to some extent out-of-date); and 

• do not accurately reflect the interests of stakeholders (Kaplan and Norton, 1996; 

Mbugua et al., 1999). 

 

In summary, measurement is a necessary prerequisite to management. Kaplan and Norton 

(1996, p. 21) suggest that, �if you can�t measure it, you can�t manage it.� Building upon this 
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viewpoint, IT can be evaluated in terms of: (1) the efficiency of the activities associated with the 

IT development and operations; and (2) its contribution to the effectiveness of those that use IT 

to improve productivity and strive to help attain corporate goals (Martinsons et al., 1999). As 

emphasised by Kaplan and Norton (1996), the key to developing an effective IT performance 

evaluation framework is the development of effective IT performance indicators (objectives) 

and measures. The primary focus of this chapter is to develop IT performance indicators 

(objectives) and measures which allow construction organisations to shed light on the IT 

productivity paradox, discussed previously in Chapter 5 (Ives, 1994; Pinsonneault and Rivard, 

1998; Dos Santos and Sussman, 2000). 

 

The chapter is divided into two main sections, namely, developing IT performance indicators 

and developing IT performance measures. The first part of the chapter discusses the research 

method used for the development of the IT performance indicators and the findings of the 

quantitative analysis. The second part of the chapter illustrates a six-step procedure by which to 

develop and use IT performance measures in construction organisations. These measures are 

generic in nature, because each corporate mission and the strategic goals related to it will 

require a unique set of measures (Barua et al., 1996; Kaplan and Norton, 1996; Letza, 1996).  

 

9.2 Performance Measurement Terminology 

 

Performance measurement, like any technical subject, has a common set of terminology that is 

used by the practitioners to discuss the performance issues, to share information and with which 

to interact. The main terminology used for performance measurement is listed and explained in 

Table 9.1. Each term in the table is referenced, in context, in subsequent sections, and 

reinforced with examples. However, readers should review, carefully, the terms before 

proceeding, especially if they are new to performance evaluation. Chapter 7 provides an 

extensive background to performance measurement principles and terminology.   

 

Chapter 7 provides an overview of the research method used in the development of IT 

performance indicators for construction organisations. In the previous chapter, Chapter 8, Step 

1 of the research method was completed to develop the �Construct IT� BSC performance 

perspectives. The following sections aim to build upon the research method overview, by 

providing a detailed research method and research findings for Steps 2, 3 and 4. These steps are 

critical to the development of a refined �list� of IT performance indicators for decision-making 

tiers of a construction organisation. 
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Table 9.1  Performance measurement terminology 

Term Description of term 
Inputs Inputs are measures of resources that will be necessary to implement the IT projects. 

Inputs typically include hardware and software costs, travel and training costs, effort 
costs, which are composed of overheads, direct labour costs and, associated directly, 
billed out-sourced support costs. 

Activities Activities are the important events that will take place in the project and are typically 
denoted by project phases. Activities are measured by counting the number of 
activities that occur during a phase or initiative or measuring variance among planned 
and actual milestones. 

Outputs Outputs are discrete products, services or information, that pass from the IT projects. 
They are the most common types of performance measure because they are discrete 
and, therefore, easily counted.  

Outcomes Outcomes are defined as the results of implemented IT projects. As explained in 
Chapter 7, each case must be considered carefully to understand the relationship 
among the outputs and the series of outcomes that occur as a result of those outputs.  

Performance 
perspective 
(criteria) 

IT performance measurement perspectives (criteria) are designed to be broad in 
nature, which thus makes them relevant to each decision-making tier of the 
organisation. Each perspective of the developed framework consists of a series of 
performance indicators that evaluate specific sub-criteria relevant to the perspective, 
at a particular decision-making tier. 

Performance 
indicator 
(sub-criteria) 

Each decision-making tier of an organisation consists of a tier specific group of IT 
performance indicators which are designed to reflect the goals and objectives of the 
particular tier. IT performance indicators can be described as sub-criteria to the 
performance perspectives (or sub-criteria). IT performance indicators are very 
specific and examine particular processes of the organisation where IT 
implementation can improve performance of traditional processes by a significant 
extent. 

Performance 
measure 

Performance measures are quantitative evaluations of the products of an activity or 
process. A performance measure is normally composed of a number and a unit of 
measure. The number gives us the magnitude and the unit gives the number or 
meaning. Metrics (standards of measurement, such as frequency, mean time, percent 
of, percent complete and so on) are used to reflect the extent of a product and to 
determine whether or not an expected rate of progress is being met. 

Performance 
standards 

Performance standards are measures of current performance (baseline), what the IT 
investment should accomplish (performance target), and by when. A performance 
standard must be developed for each performance measure. The baseline value is the 
starting point for future change. If there are performance measures currently in use, 
the data collected can provide the baseline; otherwise the manager will have to 
determine the baseline by a reasonable analysis method. 

Benchmark 
measures 

Benchmark measures are measures used by other organisations that are considered 
�world class� or otherwise outstanding. Organisations often use benchmark measures 
to compare their performance to the best organisations and to establish future 
performance standards. 

 

 

9.3 STEP 2: Collation of Performance Indicators and Measures  

 

IT performance indicators and measures were collated and extracted from mainstream IT 

literature, as well as the emerging literatures on information economics (Parker et al., 1988; 

Parker, 1996), performance measurement (Kaplan and Norton, 1996; Martinsons et al., 1999; 
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Kald and Nilsson, 2000), strategic IT management (Chan et al., 1997; Dos Santos and Sussman, 

2000; Bergeron, 2001), construction management (Pena Mora et al., 1999; Marsh and Flanagan, 

2000) and IT success (DeLone and McLean, 1992; Ballantine et al., 1996; Saarinen, 1996). The 

developed IT performance indicators and measures need to be screened to ensure that only the 

significant IT performance indicators are kept and only the meaningful IT performance 

measures are retained. Appendix A contains fifteen tables detailing IT performance indicators 

and measures, for each IT performance perspective, at each decision-making tier. 

 

9.4 STEP 3: Screening of Performance Indicators and Measures  

 

A screening process was required to retain or modify the significant IT performance indicators 

and measures prior to questionnaire dissemination. This process involves discussions with 

construction personnel from varying project functions (e.g. project managers, IT professionals, 

administration etc.), to refine the collated indicators and measures displayed in Appendix A.  

 

In addition, conceptual cause-and-effect mapping was also used to screen the identified IT 

performance indicators and measures. Identifiable cause-and-effect relationships are an 

important aspect of the BSC when choosing the appropriate indicators (Kaplan and Norton, 

1996; Mooraj et al., 1999; Olve et al., 2000). It enables the translation of a financial aim, such 

as increasing revenue by �x� %, into operational factors, which will lead to that increased 

revenue. Therefore, by evaluating the relevant factors in each segment of the �Construct IT� 

BSC, which may have an impact on a financial aim, the appropriate measures can be identified 

and the alignment of actions to the strategic goal facilitated.  

 

Conceptual cause-and-effect relationships were formulated through informal discussions with 

various construction management academics and industry professionals. The cause-and-effect 

relationships link IT performance indicators together, collated in Step 2. The collated IT 

performance indicators (Appendix A) were refined or removed in the screening process where 

they failed to link to the benefits� perspective. With the proliferation of change programs under-

way in most organisations today, it is easy to become preoccupied with goals, such as quality, 

customer satisfaction and innovation, for their own sake. While these goals can lead to 

improved performance, they can become ends in themselves (Kaplan and Norton, 1996). As 

such, the �Construct IT� BSC must retain a strong emphasis on financial outcomes, like 

increased market share, economic value added or increased profitability and growth.  

 

The hierarchy of perspectives in the cause-and-effect diagram were: (1) technology/system; (2) 

user orientation; (3) operational; (4) strategic competitiveness; and (5) benefits. Cause-and-

Lifecycle Management of IT Projects in Construction  



Chapter 9: Developing IT Performance Indicators and Measures   9-5 

effect relationships between the five levels were expressed by a series of if-then statements. This 

test was undertaken in the screening process to ensure the eventual linking of IT performance 

indicators to organisational benefits. For example, the organisation can establish the link 

between IT user-friendliness and realised cost savings through the following sequence 

hypotheses: 
 

• If the IT utilised on the construction project is user-friendly, then the project participants 

utilisation of this technology is expected to be greater; 

• If project participants embrace this technology on the project, then they will achieve 

improved contract administration, rapid reporting, communication, coordination and 

decision-making; 

• If project processes were to be improved, then they will enhance their organisational 

competitiveness and attract more sophisticated clients.  

• If the organisation improves their organisational competitiveness through IT-enhanced 

improvements, then they will be able to realise time and cost savings. 
 

The cause-and-effect diagram for the project tier is presented in Figure 9.1. The same process 

was used to screen indicators at the business unit and enterprise tiers of organisations. 
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Figure 9.1 Project tier cause-and-effect diagram 
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In addition to the screening of IT performance indicators through cause-and-effect diagrams, 

some IT performance measures were refined or removed in the screening process where their 

validity was questionable. IT performance measures, which lacked suitability, were removed.  

Appendix B details the screened �list� of IT performance indicators and measures. Upon 

completion of the screening process, IT performance indicators were refined through extensive 

questionnaire dissemination, as illustrated in the next section. 

 

9.5 STEP 4: Refinement of IT Performance Indicators 

 

Once the IT performance indicators were collated and screened, they were refined by the 

construction industry through questionnaire dissemination. To refine the screened �list� of IT 

performance indicators, a project tier questionnaire was developed and disseminated. Once an 

acceptable sample size of questionnaires was received, the significant IT performance indicators 

were obtained through statistical analysis. The data analysis procedure is detailed in the 

following sections and summarised in Figure 9.2. 

 

 

IT performance perspectives and indicators
� Establish important indicators and perspective weighting

Part B analysis: Perspectives and indicators
� Calculate performance indicator mean values and standard deviation

� Calculate mean IT performance perspective weighting

Part C analysis: Relationship matrix
� Develop performance measurement relationship matrix for remaining indicators

� Calculate indicator interdependence score
� Calculate perspective dependency on indicators score

Results summary
� Rank indicators based on  importance and interdependence

� Ranking perspectives based on weighting and goal dependency

Data reduction: Factor analysis
� Remove indicators with mean values < 3

� Validate perspectives and remove indicators with low or split loading

Develop refined framework

Conclusion 1
Significant

indicators and
perspectives

Conclusion 2
Framework design

 

Figure 9.2 Data analysis procedure 
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9.5.1 Project tier questionnaire development 

 

As previously mentioned, the project tier questionnaire was formulated after a comprehensive 

review of the literature in such fields as mainstream IT literature, information economics, 

performance measurement, strategic management, construction management, information 

technology and information systems. The purpose of the review was to draft a questionnaire that 

would enable the achievement of the following goals: 

 

• Validation of the BSC perspectives; 

• Refining of the screened �list� of indicators at the project tier;  

• Quantifying the relative importance of indicators; 

• Determining and quantifying the interdependence of indicators;  

• Determining and quantifying each perspectives� dependency on indicators; and 

• Ranking perspectives and indicators.  

 

To achieve the above research goals, project participants from large construction and project 

management organisations were surveyed at the project tier. This required the development of a 

project tier questionnaire (Appendix D). The questionnaire layout comprised: the initial 

questions, which were on the background of the questionnaire respondents and the IT portfolio 

of their organisation. This was followed by five sections, which were devoted to the developed 

performance measurement perspectives. Each performance measurement perspective included a 

list of screened performance indicators. The questionnaire respondent was required to circle the 

level of importance of each indicator on a five-point Likert scale, from �Not Important� at the 

one extreme and �Very Important� at the other. The final section asked the respondents to rate 

the importance of each indicator to the five perspectives, on a scale of one to five, as detailed 

previously. The aim of this section was to quantify perspective dependency and indicator 

interdependency using the performance measurement relationship matrix developed by 

Kagioglou et al. (2001). 

 

Once the questionnaires were designed and developed to cater for the above research objectives, 

they were sent to potential target respondents at large construction and project management 

organisations in Australia.  
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9.5.2 Project tier quantitative analysis 

 

The questionnaire was targeted at construction projects being undertaken by the larger 

construction contractors and project management organisations operating in Australia (e.g. 

Thiess, Leighton, Civil and Civic, Abi Group, John Holland, Walter Constructions, Bovis Lend 

Lease, Multiplex, Baulderstone Hornibrook, Others etc.).  The reasoning for this was twofold: 

(1) these organisations would benefit the most from IT implementation because of the size and 

complexity of their projects; and (2) larger construction organisations would be more likely to 

adopt innovative IT for construction procurement, and construction professionals, working for 

these organisations would be more suited to evaluating the importance of IT performance 

perspectives and indicators. Additionally, responses were sort from the same organisation where 

respondents had different position descriptions, to gauge the varying perceptions of different 

professionals, within the organisation. 

 

The questionnaire was sent to 322 construction project professionals from large construction 

contractors and project management organisations. A small sample of government project 

managers also participated in the survey. One hundred and eight (108) positive returns were 

received, representing an average response rate of 33%. This rate appears to be consistent with 

other reported mail surveys (Fellows and Liu, 1997). Five questionnaires were eliminated due to 

missing data, leaving a final sample size of 103. 

 

9.5.3 Part A analysis: Classification of respondents 

 

The number of respondents involved in the survey was 103. The classification of respondents 

into organisation type, position and experience is detailed in Table 9.2. Respondents were 

categorised into three major groups, namely, private, government and quasi-government. There 

were 85 private organisation respondents, 17 government organisation respondents and one (1) 

quasi-government respondent. Each main group was divided into position description and years 

of experience. As detailed previously, private organisation respondents made up the majority of 

the respondents (85). In this group, the position description of project manager/engineer was the 

primary position description (43), followed by director/operations manager (28), IT professional 

(11) and other (3). Government and quasi-government respondents make up a small component 

of the sample (18), this was expected as the pilot study identified a limited number of 

government employees, with extensive project management experience willing to participate. 

This was done to mitigate extreme bias that may exist between public servants and private 

respondents. 
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Table 9.2 Classification of respondents 

Organisation Type Position Experience 
20+ years (18*) 
15-20 years(4) 
10-15 years (5) 

Private (85*) Director / Operations Manager (28*) 

0-5 years (1) 
20+ years (8) 
15-20 years(1) 
10-15 years (5) 
5-10 years (11) 

 Project Manager / Project Engineer (43) 

0-5 years (18) 
20+ years (3) 
15-20 years(2) 
10-15 years (3) 
5-10 years (2) 

 IT Professional (11) 

0-5 years (1) 
15-20 years (1)  Other (3) 
5-10 years (2) 
20+ years (2) Government (17) Director / Operations Manager (3) 
10-15 years (1) 
20+ years (3) 
5-10 years (4) 

 Project Manager / Project Engineer (11) 

0-5 years (4) 
10-15 years (1) 
5-10 years (1) 

 IT Professional (3) 

0-5 years (1) 

Quasi-Government (1) Project Manager / Project Engineer (1) 20+ years (1) 

* Number of respondents in group 
 

Company profile 
 

As mentioned above, the questionnaire survey was targeted at large construction contractors and 

project management consultants (82%), in addition to, a small percentage (18%) of government 

and quasi-government construction project managers. The organisation profile or division of 

company ownership is shown in Figure 9.3. 

Private
82%

Quasi-Government
1%

Government
17%

 
Figure 9.3 Company profile 
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Respondent profile 

 

The aim of the proposed IT performance evaluation framework was to evaluate IT projects 

based on construction project-specific perspectives, indicators and measures. To ascertain the 

importance of proposed IT performance perspectives and indicators, it was imperative to 

include the project participants involved in the evaluation process. The IT project(s) evaluation 

committee would typically consist of project managers, operations managers and IT 

professionals. As shown in Figure 9.4, the position of the respondents were classified into four 

categories: director/operations manager (30%), project manager/construction manager/engineer 

(53%), IT professional (14%) and other (3%). The position of �other� includes human resources, 

administration or specialist roles with construction organisations.  

Project 
Manager/Project 

Engineer
53%Director/Operations 

Manager
30%

IT Professional
14%

Other
3%

 
Figure 9.4 Respondent position profile 

 

The respondents� work experience in the construction industry was grouped into five categories: 

Group 1 represented the respondents� experience from 0 to 5 years; Group 2 from 5 to 10 years; 

Group 3 from 10 to 15 years; Group 4 from 15 to 20 years; and Group 5 were the respondents 

with more than 20 years experience. For the assessment 20+ was considered as 25 years of 

experience. The average work experience of respondents engaged in the survey was thus 13.4 

years. The profile of the respondents, in terms of their construction work experience, is detailed 

in Figure 9.5. 
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Figure 9.5 Respondents construction experience profile 

 

IT profile 

 

The second part of the questionnaire survey asked respondents to detail what IT applications 

and tools they had available to them on construction projects. As mentioned previously, the 

survey adopted an information-centric definition of IT, and thus only those types of 

applications/tools were included in the survey.  In total, eight IT applications and tools could be 

selected by the respondent, with a tick in the appropriate box: (1) Intranet; (2) Internet; (3) e-

mail; (4) Local Area Network (LAN); (5) Wide Area Network (WAN); (6) Web-Based Project 

Management Application (WBPMA); (7) Video conferencing; and (8) On-line remote network 

(mobile). The percent of respondents using these applications/tools is detailed in Figure 9.6. 

 

As expected, in larger construction organisations, most respondents had access to e-mail and the 

Internet (97%). Also, Intranets (82%) and LANs (84%) were widely adopted by these 

organisations. However, new age project management and communication technologies, such as 

Web Based Project Management Applications (WBPMA) (24%), video conferencing (21%) and 

On-line remote networks (15%), were not yet widely adopted. It is important to note that this 

research did not focus on establishing the utilisation extent of innovative IT, but rather it was 
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more concerned that the majority of respondents involved in the survey had a basic appreciation 

of role IT plays in managing project information and its associated benefits. This research 

objective was achieved by the high percentage of respondents utilising basic IT applications and 

tools for construction. 

 

Respondents were also asked to detail the period within which they had implemented their IT 

tools: 5 years; 3 years or 1 year. This time frame was used to reflect the link to previous surveys 

where IT utilisation was limited (Love and MacSporran, 1996). In addition, they were requested 

to detail the primary driving force behind this change. The profile of responses to these two 

questions is detailed in Figures 9.7 and 9.8, period and driving force, respectively.  

 

Only a few of the respondent organisations have embraced IT in the past year (10%), with the 

majority having embraced IT in the past three (40%) to five (50%) years (Figure 9.7). This 

suggests that most larger construction organisations have been using basic IT tools, such as the 

Internet and e-mail, for at least three years. 
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Figure 9.6 IT portfolio of respondent organisations 
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Figure 9.7 IT implementation period 

 

It appears that the larger construction organisations have been pro-active in planning for 

innovative IT implementation with 85% of respondents indicating company strategy as the 

primary driving force. Only a small fraction of respondents indicated client requirements as the 

primary driving force (Figure 9.8). Although beyond the scope of this research, the driving 

force behind IT implementation, would consist of many elements. 

Client
15%

Company Strategy
85%

 
Figure 9.8 Primary driving force to IT implementation 
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9.5.4 Part B analysis: Perspectives and indicators 

 

The most imperative component of the questionnaire survey gauged the opinions of industry 

professionals as to the importance of the various IT performance perspectives and their 

associated indicators (Part B). These questions were asked to determine the weighting of IT 

performance perspectives, the importance of IT performance indicators and to validate the 

developed framework perspectives through statistical analysis. To facilitate understanding of the 

performance evaluation concepts and the proposed �Construct IT� BSC, the survey described 

perspectives and indicators clearly and included illustrative examples, where necessary. In 

addition, a coloured pamphlet, detailing the research project and conceptual framework, was 

included with the survey. 

 

The first section of Part B requested respondents to rate the importance of the five IT 

performance measurement perspectives of the �Construct IT� BSC. It was essential that the sum 

of the five perspective�s weight sum to 100% (see Table 9.3). The mean weighting of the five 

perspectives, in descending order, was: (1) operational 28%; (2) benefits 20%; (3) strategic 

competitiveness 19%; (4) technology/system 17%; and (5) user orientation 16%. The results 

indicate that respondents place most importance on the operational perspective. However, the 

other four perspectives, have a weighting between 15-20%, indicating that all five perspectives 

are essential for proper IT performance evaluation. If the situation presented itself where one of 

the five perspectives was substantially less than the remaining perspectives, then there may have 

been a case to remove it from the framework. 

 

Table 9.3  IT performance perspective weighting 

Code Perspective Perspective weight (%) 
OP Operational 28 
BE Benefits 20 
TS Technology/System 17 
SC Strategic Competitiveness 19 
UO User Orientation 16 

 
 
The next section of Part B asked respondents to rate the importance of each performance 

indicator associated with the perspectives detailed above. The questionnaire respondent was 

required to circle the level of importance of each indicator, on a five-point Likert scale, ranging 

from: (1) Not important; (2) Slightly important; (3) Somewhat important; (4) Important; to (5) 

Very important. The mean value and standard deviation for the thirty performance indicators is 

detailed in Table 9.4. The mean values ranged from 2.75 for Q6: Reduced unnecessary site 

visits, to 4.27 for Q28: User friendliness. The mean value for all indicators detailed in the 
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questionnaire was 3.85 indicating that the respondents rated the indicators, on average, as 

important. Only one value had a mean less than 3 (i.e. Q6: Reduced unnecessary site visits). 

This indicator was removed from further analysis. The remaining items (29) were then subjected 

to factor analysis in the following section. Prior to factor analyses, analysis of variance 

(ANOVA) was performed to test whether the mean values of each item were equal for each 

group of respondents: project manager/project engineer; IT professional; director/operations 

manager; other. This helped clarifying whether or not the opinions of these four groups were the 

same for the 29 items dealt with in the survey. The results suggest a consensus between the 

three groups in relation to all items covered in the survey.  

 
Table 9.4 Summary of IT performance indicator responses 

Item Item Description Mean Std dev. 
Operational Perspective   

Q1 IT-enhanced processing of progress claims 3.56 1.04 
Q2 Improved contract administration 3.92 0.89 
Q3 IT-enhanced coordination and communication 4.16 0.94 
Q4 IT-enhanced decision-making process 3.41 0.95 
Q5 Faster reporting and feedback 4.06 0.87 
Q6 Reduced unnecessary site visits 2.75 1.19 
Q7 Reduced No. of Quality Assurance (QA) non-conformances 3.31 1.09 

Benefits Perspective   
Q8 Time savings due to efficient document management 4.05 0.86 
Q9 Reduced multiple handling of documents 4.14 0.77 

Q10 Improved document quality 3.88 0.90 
Q11 Realised cost savings 4.14 0.80 
Q12 Quicker response times 4.00 0.82 
Q13 Optimise staff utilisation 3.95 0.78 
Q14 Streamlining of processes 4.15 0.76 
Q15 Improved client satisfaction 4.03 0.91 

Technology/System Perspective   
Q16 Reliability of IT tool 3.96 0.78 
Q17 Appropriateness for application function 3.95 0.77 
Q18 User friendliness 4.27 0.74 
Q19 Improved quality of output 3.96 0.68 
Q20 Effective system security 3.93 0.80 
Q21 Suitability for site conditions 3.94 0.76 

Strategic Competitiveness Perspective   
Q22 Improved staff computer literacy 3.83 0.82 
Q23 Enhanced organisational competitiveness 3.94 0.86 
Q24 Enhanced organisational image 3.65 0.94 
Q25 Project alliances forged through electronic means 3.25 1.02 
Q26 Ability to attract more sophisticated clients 3.36 1.17 

User Orientation Perspective   
Q27 Satisfactory level and frequency of IT training 3.83 0.82 
Q28 Satisfactory level and frequency of IT support 4.04 0.82 
Q29 Effective IT utilisation 3.88 0.80 
Q30 User satisfaction (user, client, other) 4.18 0.78 
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9.5.5 Data reduction: Factor analysis 

 

A principal component factor analysis, followed by a varimax rotation, was conducted on the 

remaining 29 items to determine the underlying IT performance perspectives of the framework. 

The data was deemed to be appropriate for the analysis by exceeding the 0.5 threshold level, as 

indicated by the Kaiser-Meyer-Olkin factor solution measure of sampling adequacy of 0.75 

(Hair et al., 1998). The initial analysis, using SPSS V10.0, yielded a five-factor solution, which 

accounted for 57 percent of the variance (Table 9.5). However, the interpretability of the 

solution was rendered problematic because of four complex items, which loaded on more than 

one factor. For example, item Q4: IT-enhanced decision-making process was diffused across 

three factors with loading less than 0.5.  
 
 
 
Table 9.5 Varimax factor loadings for the initial five-factor solution 

Factor Analysis Components Item 
Factor 1 

Technology/ 
System 

Factor 2 
Operational 

Factor 3 
Benefits 

Factor 4 
User Orientation 

Factor 5 
Strategic 

Competitiveness 
Q1 -0.119  0.596 ** 0.122  -0.010  -0.311  
Q2 -0.020  0.588 ** 0.096  0.181  -0.275  
Q3 -0.040  0.540 ** 0.049  0.123  0.318  
Q4 -0.062  0.458 * -0.063  0.173 * 0.227 * 
Q5 -0.049  0.686 ** -0.011  0.122  0.130  
Q7 0.206 * 0.467 * 0.246 * 0.209 * 0.188  
Q8 0.041  0.063  0.860 ** 0.109  0.105  
Q9 0.023  0.186  0.909 ** 0.124  0.122  

Q10 0.285  -0.014  0.573 ** -0.052  0.219  
Q11 0.059  0.187  0.803 ** 0.082  0.129  
Q12 0.253  0.574 ** 0.120  0.163  0.167  
Q13 0.136  0.689 ** 0.158  0.024  0.148  
Q14 0.186  0.434 * 0.479 * 0.239  0.144  
Q15 0.203  0.324  0.161  0.168  0.522 ** 
Q16 0.848 ** 0.020  0.155  0.141  -0.116  
Q17 0.796 ** -0.013  0.020  -0.027  0.000  
Q18 0.179  0.115  0.037  0.595 ** -0.023  
Q19 0.842 ** 0.002  0.005  0.022  0.095  
Q20 0.755 ** 0.141  0.220  0.174  0.087  
Q21 0.799 ** 0.036  0.027  0.142  0.206  
Q22 0.014  -0.045  0.408 * 0.392 * 0.419 * 
Q23 0.176  0.216  -0.021  0.194  0.644 ** 
Q24 0.191  0.061  0.169  -0.050  0.739 ** 
Q25 -0.166  0.221  0.219  0.019  0.646 ** 
Q26 -0.019  -0.174  0.272  0.082  0.632 ** 
Q27 0.008  0.190  0.177  0.830 ** 0.018  
Q28 0.075  0.034  0.059  0.729 ** -0.025  
Q29 0.113  0.268  0.099  0.676 ** 0.322  
Q30 0.020  0.221  0.016  0.754 ** 0.214  

* Variable is diffused over two or more factors 
** Variable loads strongly into only one factor 
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Similarly, Q7: Reduced No. of Quality Assurance (QA) non-conformances, was diffused across 

four factors with loading less than 0.5. Item Q14: Streamlining of processes was diffused 

equally across two factors. Finally, Q22: Improved staff computer literacy was equally diffused 

across three factors. Due to the problematic nature of these four items, they were removed from 

further analysis.  

 

A subsequent analysis of the remaining 25 items yielded five factors with eigenvalues greater 

than one; together these accounted for 61 percent of the explained variance. Table 9.6 details 

factor loadings, explained variance, eigenvalues and Cronbach�s alpha for the five factors. As 

can be seen, all analysed items had loadings greater than the minimum values of 0.5, suggested 

by Hair et al. (1998), and were selected to define the five factors (perspectives). Cronbach�s 

Alpha for individual factors ranged from 0.73 to 0.89, which were well above the lower 

acceptable limits of 0.50 to 0.60, indicating adequate external consistency (Kaplan and Sacuzzo, 

1993). Recommendations for adequate item to observation ratios range from 1:2 (Kline, 1994) 

to 1:10 (Tabachnick and Fidell, 1996). Hair et al. (1992) who are leading experts in multivariate 

data analysis suggest a minimum ratio of 1:4. The respective item to observation ratio in this 

study is approximately1:4.1, suggesting that the study meets the required standards for factor 

analysis. 

 

Table 9.6 Varimax rotated factor loadings for the five-factor solution 

Factor  Ref. Items (identifying questions)  Factor 
Loading 

OP1 IT-enhanced processing of progress claims 0.65 
OP2 Improved contract administration 0.60 
OP3 IT-enhanced coordination and communication 0.53 
OP4 Faster reporting and feedback 0.70 
OP5 Quicker response times 0.63 

1. Operational 
Variance = 10.69% 
Eigenvalue = 2.67 
Cronbach�s α = 0.73 

OP6 Optimise staff utilisation 0.64 
BE1 Time savings due to efficient document management 0.85 
BE2 Reduced multiple handling of documents 0.90 
BE3 Improved document quality 0.59 

2. Benefits 
Variance = 11.65% 
Eigenvalue = 2.91 
Cronbach�s α = 0.85 BE4 Realised cost savings 0.81 

TS1 Reliability of IT tool 0.85 
TS2 Appropriateness for application/function 0.80 
TS3 Improved quality of output 0.84 
TS4 Effective system security 0.75 

3. Technology/system 
Variance = 14.63% 
Eigenvalue = 3.66 
Cronbach�s α = 0.89 

TS5 Suitability for site conditions 0.80 
SC1 Improved client satisfaction 0.57 
SC2 Enhanced organisational competitiveness 0.66 
SC3 Enhanced organisational image 0.76 
SC4 Project alliances forged through electronic means 0.67 

4. Strategic 
Competitiveness 
Variance = 11.99% 
Eigenvalue = 2.99 
Cronbach�s α = 0.73 SC5 Ability to attract more sophisticated clients 0.61 

UO1 Satisfactory level and frequency of IT training 0.85 
UO2 Satisfactory level and frequency of IT support 0.73 
UO3 Effective IT utilisation 0.69 
UO4 User satisfaction 0.77 

5. User Orientation 
Variance = 12.03% 
Eigenvalue = 3.01 
Cronbach�s α = 0.82 

UO5 User friendliness 0.57 
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9.5.6 Part C analysis: Performance measurement relationship matrix 

 

This section introduces the Performance Measurement Process Framework (PMPF) developed 

by Kagioglou et al. (2001) and describes its various elements (Table 9.7). The main aim of the 

framework, presented in Table 9.7, was to present a holistic performance 

management/measurement process framework accounting for input, process and output of 

performance measurement, as suggested by Kagioglou et al. (2001).  

 

Using the five perspectives and their associated performance indicators established from factor 

analysis, it was then possible to construct the matrix. The matrix incorporated responses from 

Part C of the questionnaire survey. Items removed through the factor analysis had also been 

removed from the PMPF (detailed in Table 9.7). When providing responses for the PMPF, 

respondents were asked to rate the importance of the indicator to each of the five perspectives, 

on a scale of 1 to 5, where: (1) not important; (2) slightly important; (3) somewhat important; 

(4) important; and (5) very important (see Appendix D). For example, for the importance of the 

indicator OP1: IT-enhanced processing of progress claims, on the five perspectives, can be 

described as follows: 

• Important (mean score 4.20) to the operational perspective, since IT may streamline 

processes; 

• Important (mean score 3.61) to the benefits perspective, since more efficient processing 

of progress claims will generate cost savings to the organisation; and  

• Somewhat important (mean score 3.04) to the technology/system perspective, because, 

if the hardware or software fails, the user will have to resort to manual procedures. 

 

The primary advantage of the PMPF framework was that it can help identify and quantify the 

perspective dependency on indicators and the perspective interdependency of indicators. 

Indicator interdependency was calculated by summing the mean values for each of the five 

perspectives. For example, for the indicator OP1: IT-enhanced processing of progress claims, 

the sum of the mean values was (4.20 + 3.61 + 3.04 + 2.90 + 3.15 = 16.89). This 

interdependence value was compared to other indicators to examine which indicators had the 

highest perspective interdependence. Indicator interdependence ranged from 15.88 for SC4 to 

19.20 for TS1. As expected, indicator TS1: Reliability of IT tool, had a high interdependence 

value, since all five perspectives relied on IT reliability to achieve their desired objectives. Also, 

all the indicators in the user orientation perspective had a high interdependence because this 

perspective was a key enabler to achieving the other objectives. 
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In addition, it was possible to accumulate the results for the five perspectives and derive the 

perspective dependence on indicators. By the summation of each column in Table 9.7, 

perspective dependency could be calculated. The results of the questionnaire survey are as 

follows: (1) operational = 97.8; (2) benefits = 90.8; (3) technology/system = 84.3; (4) strategic 

competitiveness = 85.8; and (5) user orientation = 83.8. The matrix indicated that the 

perspective dependence was highest for the operational perspective, suggesting that, in order to 

gain a realistic picture of IT-induced performance improvement, operational indicators and 

measures were crucial. These results related well to the perspective weight values obtained in 

Part B of the questionnaire (Table 9.8), where the operational perspective had the highest 

weighting (28%). The PMPF dependency and interdependency results, and the mean values for 

indicators, were used in the following section to rank the indicators and perspectives. 

 

Table 9.7 Performance measurement relationship matrix 

Perspective  

Performance Indicator 
(Code and Description) 
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OP1 IT-enhanced processing of progress claims 4.20 3.61 3.04 2.90 3.15 16.89 
OP2 Improved contract administration 4.33 3.70 3.10 3.29 3.13 17.55 
OP3 IT-enhanced coordination and communication 4.32 3.65 3.27 3.39 3.31 17.94 
OP4 Faster reporting and feedback 4.16 3.44 3.20 3.52 3.22 17.54 
OP5 Quicker response times 4.28 3.81 3.19 3.71 3.41 18.40 
OP6 Optimise staff utilisation 3.90 3.85 3.12 3.52 3.32 17.70 
BE1 Time savings due to efficient doc. management 4.26 4.14 3.27 3.26 3.21 18.15 
BE2 Reduced multiple handling of documents 4.17 3.99 3.12 3.17 3.28 17.73 
BE3 Improved document quality 3.72 3.83 3.20 3.41 3.04 17.21 
BE4 Realised cost savings 4.15 4.25 3.22 3.59 3.16 18.37 
TS1 Reliability of IT tool 4.11 3.64 4.32 3.37 3.76 19.20 
TS2 Appropriateness for application/function 3.99 3.55 3.98 3.30 3.56 18.37 
TS3 Improved quality of output 3.63 3.70 3.57 3.54 3.17 17.62 
TS4 Effective system security 3.49 3.06 3.90 3.23 2.93 16.61 
TS5 Suitability for site conditions 3.63 3.20 3.66 3.03 3.18 16.70 
SC1 Improved client satisfaction 3.71 3.81 3.02 3.77 3.01 17.32 
SC2 Enhanced organisational competitiveness 3.63 3.82 3.12 4.08 3.18 17.83 
SC3 Enhanced organisational image 3.54 3.55 2.95 3.98 2.95 16.97 
SC4 Project alliances forged through elect. means 3.37 3.09 3.06 3.55 2.81 15.88 
SC5 Ability to attract more sophisticated clients 3.72 3.23 2.89 3.57 2.65 16.06 
UO1 Satisfactory level and frequency of IT training 3.66 3.49 3.50 3.20 4.03 17.88 
UO2 Satisfactory level and frequency of IT support 3.90 3.36 3.72 3.20 4.13 18.30 
UO3 Effective IT utilisation 3.81 3.47 3.65 3.49 3.94 18.37 
UO4 User satisfaction 3.93 3.91 3.52 3.53 4.14 19.03 
UO5 User friendliness 4.17 3.74 3.77 3.16 4.13 18.97 
 Goal Dependency 97.8 90.8 84.3 85.8 83.8  
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9.5.7 Results summary: Ranking perspectives and indicators 

 

This final data analysis section utilises the questionnaire survey results from Part B and C to 

rank the perspectives and indicators. Firstly, for the perspectives (Table 9.8), weight and 

dependency values had the same ranking order of importance. In summary, the PMPF 

framework results corroborate with the rank order of the perspectives, obtained independently, 

according to their weight. 

 

The ranking of the 25 remaining indicators is detailed in Table 9.9. The final ranking was 

calculated by multiplying the Indicator Mean (IM) value by the Indicator Interdependence Mean 

(IIM) value. For example, for the indicator OP1: IT-enhanced processing of progress claims 

(3.56 × 16.89 = 60.132). Using this technique, the rank within each perspective, and the overall 

rank of each indicator, was calculated. The highest two ranked indicators in each perspective 

and the highest ten indicators overall are bold and underlined in Table 9.9. The highest ranked 

indicator was UO5: User friendliness and the lowest ranking indicator was SC4: Project 

alliances forged through electronic means. It is important to note that, even though the 

technology/system and user orientation perspectives had five of the ten highest ranked 

indicators, they were the two lowest ranked perspectives, according to weight and dependency, 

on indicators. This suggests that the respondents see these soft perspectives as key enablers to 

achieving IT-induced performance improvement. However, their overall perception is that the 

majority of value generated from IT projects is derived from the �results driven� operational and 

benefits perspectives. Moreover, the indicator interdependence values for the indicators in the 

strategic competitiveness perspective were quite low, suggesting that these indicators have low 

relevance to the other perspectives. Thus it appears that IT is yet to be viewed as a strategic tool 

by construction professionals. Also, it reflects the difference in the respondents� perceptions 

towards realised benefits (short-term) and potential benefits (long-term). 

 
Table 9.8 Ranking perspectives 

Code Perspective Perspective 
weight (%) 

Rank Perspective 
dependency 

Rank 

OP Operational 28 1 97.8 1 
BE Benefits 20 2 90.8 2 
TS Technology/System 17 4 84.3 4 
SC Strategic Competitiveness 19 3 85.8 3 
UO User Orientation 16 5 83.8 5 
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Table 9.9 Ranking indicators 

Code Description 
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OP1 IT-enhanced processing of progress claims 3.56 16.89 60.132 6 23 
OP2 Improved contract administration 3.92 17.55 68.799 5 17 
OP3 IT-enhanced coordination and communication 4.16 17.94 74.641 1 5 
OP4 Faster reporting and feedback 4.06 17.54 71.205 3 12 
OP5 Quicker response times 4.00 18.40 73.594 2 7 
OP6 Optimise staff utilisation 3.95 17.70 69.930 4 14 
BE1 Time savings due to efficient doc. management 4.05 18.15 73.494 2 8 
BE2 Reduced multiple handling of documents 4.14 17.73 73.416 3 9 
BE3 Improved document quality 3.88 17.21 66.757 4 19 
BE4 Realised cost savings 4.14 18.37 76.046 1 4 
TS1 Reliability of IT tool 3.96 19.20 76.050 1 3 
TS2 Appropriateness for application/function 3.95 18.37 72.579 2 10 
TS3 Improved quality of output 3.96 17.62 69.768 3 16 
TS4 Effective system security 3.93 16.61 65.270 5 21 
TS5 Suitability for site conditions 3.94 16.70 65.805 4 20 
SC1 Improved client satisfaction 4.03 17.32 69.811 2 15 
SC2 Enhanced organisational competitiveness 3.94 17.83 70.261 1 13 
SC3 Enhanced organisational image 3.65 16.97 61.936 3 22 
SC4 Project alliances forged through electronic means 3.25 15.88 51.616 5 25 
SC5 Ability to attract more sophisticated clients 3.36 16.06 53.977 4 24 
UO1 Satisfactory level and frequency of IT training 3.83 17.88 68.478 5 18 
UO2 Satisfactory level and frequency of IT support 4.04 18.30 73.925 3 6 
UO3 Effective IT utilisation 3.88 18.37 71.278 4 11 
UO4 User satisfaction 4.18 19.03 79.528 2 2 
UO5 User friendliness 4.27 18.97 80.982 1 1 

 

 
In addition to the indicators detailed above, construction organisations may adopt other 

indicators to evaluate their IT-induced performance improvement. Table 9.10 details other 

indicators that were provided as additional comments, by a few of the respondents of the 

questionnaire survey. It is important to note that the list of indicators detailed in this research 

dissertation is not a definitive set. The dynamic nature of IT requires that the indicators for 

evaluating its performance must also continually evolve to accurately quantify the generated IT-

induced performance improvement. 
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Table 9.10 Other indicators suggested by respondents 

NO. PERSPECTIVE 
OP OPERATIONAL 

OP-1 Local accountability 
OP-2 IT-enhanced process integration 
OP-3 Organise work programs/schedules 
OP-4 Document management 
OP-5 Design and process control 
OP-6 Client liaison 
BE BENEFITS 

BE-1 Accurate accounting (IT budget, costs and variations) 
BE-2 Reliable information 
BE-3 Benefit quantification methods 
BE-4 Task and activity management 
TS TECHNOLOGY/SYSTEM 

TS-1 IT infrastructure implementation 
TS-2 System integration and interoperability 
TS-3 Selection of software types to use 
SC STRATEGIC COMPETITIVENESS 

SC-1 Global reach capability 
 

9.6 Developing IT Performance Measures  

 

Innovative technology developments and upgrades are continuously entering the market. Due to 

the dynamic nature of IT applications and tools, it is not feasible to validate specific IT 

performance measures for the construction industry. Typically, any developed and validated IT 

performance measures, especially at the process level, would be outdated before their proper 

implementation. Due to this inherent nature of IT, no attempt is made to evaluate the 

significance of specific IT performance measures to the construction industry. However, for 

each refined IT performance indicator detailed in the previous section, an extensive list of IT 

performance measures is presented. In further sections of this chapter, the relationship between 

IT performance measures and IT performance indicators is explained and examples provided on 

their employment. Ideally, IT performance measures need to be developed or selected by 

construction organisations adopting a performance management approach. These organisations 

need to be involved in the development and implementation of performance measures to fully 

understand the implications of their results. The following sections provide a critique of 

performance measures and a five-step procedure for their development and implementation.  

 

9.6.1 A critique of performance measures 

 

An important element of the literature on evaluation is the discussion about the value of 

performance measures. Criticisms in the literature about the use of performance measures 

include the following: 
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• Subjectivity: Performance measures frequently use nominal data for variables, which are in 

continuous practice. Unfortunately the measurement of IT performance is complicated by 

the inherent characteristics of IT services: intangibility, inseparability and variability 

(Kotler, 1994). It is for this reason that Stewart and Walsh (1994) conclude that technical 

solutions will never be sufficient to overcome these inherent tensions. 

 

• Insufficient attention is given to the use and interpretation of measures: It has frequently 

been assumed that such use and interpretation of measures will speak for themselves 

(Strand, 1997). However, inaccurate, out-of-date or irrelevant data have been used and 

dubious comparisons have been made.  

 

• Simplification: Some activities are more amenable to measurement through performance 

measures and have, therefore, been given greater attention. The Audit Commission (1992) 

recognises the danger with the very simple performance measures as being that they over-

simplify reality, or put an excessive weight on the features of the services that happen to be 

easy to measure. 

 

• Neglect of other forms of accountability: The introduction of performance measures can 

increase central accountability at the expense of local accountability (Glynn and Murphy, 

1996). 

 

9.6.2 Improving the use of performance measures 

 

For performance measures to be used effectively, the measure should fit the performance task. 

Indeed Likierman (1993) used the results from a survey of 500 managers in the public sector to 

devise twenty lessons for the use of performance measures. His main recommendations were: 

 

• To include all elements of performance. Those devising measures should ensure they do not 

omit, and therefore undervalue, an essential activity of work. 

• The number of performance measures should be appropriate to the organisation and its 

diversity. �Too many will make it difficult to focus on what is important, too few will distort 

action.� 

• To provide adequate safeguards for �soft� measures, particularly quality. �Quality has 

proven notably difficult for the organisation to measure, and great care needs to be taken to 

give it proper weight.� 
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• To acknowledge political and organisational purposes. Some measures might be included 

to enhance credibility of a service rather to deepen understanding. 

• To build in �counters� for short-term focus. Performance measures set on an annual cycle 

are likely to focus management effort in the short term. 

• To ensure performance measures fairly reflect the efforts of managers. Performance 

measures should not lie outside the control of the organisation under evaluation. 

• To link performance measures to existing management systems. New measures, which run 

in parallel with existing systems, can appear onerous or irrelevant. 

• To ensure performance measures are understandable to those whose performance is being 

measured. Performance measures need to be trusted and understood if they are to have an 

impact on action. 

• The data on which results are based must be trusted. Liekerman found considerable concern 

with staff who did not appreciate the importance of filling in the forms carefully and they 

were, therefore, producing data that was unreliable. 

• To use the results as guidance, not answers. It is important to recognise that interpretation is 

the key to action. �The results should always be accompanied by a commentary so that the 

figures can be analysed and put in context.� 

• Recognise trade-offs and complex interactions between different elements of performance. 

Not all performance measures carry equal weight. 

 

There are three main conclusions from this analysis of performance management. Firstly, the 

quality of data collection for performance measures should be improved. This is likely to mean 

focusing on a small number of important performance measures, each representing different 

dimensions of strategic interest. Secondly, the comparisons should be made carefully, and 

possibly within the framework of a classification which groups together similar organisations or 

operating circumstances. Thirdly, performance measures should be analysed, over time, as part 

of a broad learning process which pulls in other (especially qualitative non-financial) 

information. Performance measures should be used to identify issues for further investigation 

rather than to give judgement about success or failure. This third point is the most far reaching. 

It is clear that many authors want performance management to move from a focus on 

accountability towards development and knowledge functions. 

 

9.7 Developing IT Performance Measures  

 

The reason that performance measures are not justified through quantitative analysis is due to 

their dynamic nature. Most performance measures change, and will continue to change, with 
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new technology. For example, a newly introduced technology will not adopt existing 

performance measures because some existing measures may fail to evaluate the true 

performance of the new technology. In such cases, new measures must be developed which 

encompass the complete spectrum of benefits for the technology project. 

 

To cater for the dynamic nature of performance measures, construction professionals can follow 

a structured procedure to develop and use performance measures. This structured procedure 

consists of five defined steps: (1) Determine IT measurement objectives; (2) develop IT 

performance measures that characterise success; (3) build baselines and collect data; (4) 

evaluate, interpret and report results; and (5) review performance measures. Figure 9.9 presents 

the structured procedure for developing and using measures. 

 

Step 1: Determine IT measurement
objectives (performance indicators)

Step 1: Determine IT measurement
objectives (performance indicators)

Step 4: Evaluate, interpret and report
results

Step 4: Evaluate, interpret and report
results

Step 3: Build baselines and collect dataStep 3: Build baselines and collect data

Step 2: Develop IT performance
measures that characterise success
Step 2: Develop IT performance

measures that characterise success

Step 5: Review IT performance
measures

Step 5: Review IT performance
measures
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Figure 9.9 Five-step procedure to develop and use performance measures 

 

9.7.1 Step 1: Determine IT measurement objectives  

 

Effective outcome-based performance measures must be derived from the relationship between 

the new IT project and how its ultimate benefactors will use the outputs of the project. 

Specifically, the IT managers must clearly understand the organisations� objectives and specific 
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performance indicators (i.e. those specific activities and outputs that must be accomplished if 

the organisation is to accomplish its objectives). The critical element of this step is the linking 

of the proposed and in-process IT projects and activities to the organisations� objectives and 

specific performance indicators. The concept is often described as a method of strategically 

aligning the IT portfolio and support functions with organisational objectives and strategic 

priorities. Such Alignment of IT performance measurement objectives to IT performance 

indicators is illustrated through the following example: 
 

Example: linking IT measurement objectives to an IT performance indicator 
 

! At the project level 

 

Performance perspective: User orientation  

Performance indicator: Satisfactory level and frequency of IT support 

Indicator objective: Provide responsive technical support staff and decreased user reliance on 

technical support, with time. 

Measurement objectives: Based on the following elements:  

# IT support costs 

# IT support utilisation 

# User assistance requirements 

   

! At the business unit level 

 

Performance perspective: Operational  

Performance indicator: Information management 

Indicator objective: Optimise, streamline and integrate information sub-systems and databases. 

Measurement objectives: Based on the following element:  

# Document transfer  
 

! At the enterprise level 

 

Performance perspective: Benefits 

Performance indicator: Shareholder Return 

Indicator objective: Increase shareholder value 

Measurement objectives: Based on the following elements:  

# Share price 

# Capitalisation 
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# Earnings 

 

These measurement objectives can be developed into specific measures, as detailed in Step 2. 

 

Conduct a gap analysis to illustrate IT investment benefit 

 

Once the performance indicators are clearly defined, a gap analysis technique is used to describe 

how IT can effectuate improvement of the performance indicator. The analysis should begin 

with the premise that IT will improve effectiveness, efficiency or both. Effectiveness focuses on 

how the organisation accomplishes objectives, while efficiency refers to how the organisation 

utilises resources. In order to accomplish this step, analysts must work with the IT Review 

Committee (RC) and other beneficiaries to define or refine requirements. Critical questions that 

the RC must ask during this phase include: 

• Why do we need this application? 

• How will the added functionality help accomplish objectives? 

• How will the added functionality improve day-to-day operations and use of resources? 

As these questions are answered, the RC will be able to identify the performance gap that is to 

be addressed with the new functionality. Most of this information could be obtained from the 

first two phases of the IT project lifecycle (refer to Chapters 5 and 6).  

 

Strategic implementation and monitoring information obtained in phase two of the IT project 

lifecycle should identify gaps between current and anticipated performance. Since many 

organisational processes are partially automated, there will be a corresponding gap between how 

technology is currently deployed and future alternative options and strategies. The RC needs to 

develop a baseline measurement of existing levels of IT utilisation and compare the baseline to 

current performance in order to identify the gap that exists. This analysis defines the need for 

the investment and the services, as the basis for determining what success will look like, i.e. 

�success� is closure of the gap by �x� amount when the new IT solution is implemented. This 

process defines �success� for major requirements (Figure 9.10). 

 

Performance indicators and performance measures are inextricably linked. A well-developed 

performance indicator readily lends itself to performance measurement. If a proposed IT project 

does not support the accomplishment of organisational objectives, the value of the planned 

project is probably suspect (Martinsons et al., 1999).  
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Figure 9.10 GAP analysis 
 

9.7.2 Step 2: Develop IT performance measures that characterise success 
 

The completion of the preceding activities is essential to clearly understand the business gains 

that can be achieved from IT implementation. This step involves the more technical aspects of 

developing IT performance measures. However, it should first be noted that developing IT 

performance measures is challenging, time-consuming work. The formulation of effective 

outcome-orientated measures requires considerable expertise and original thinking, coordination 

and assessment of the viability of selected measures. 
 

Well-designed performance measures define parameters of success for the IT portfolio. Indeed 

the measures must pass a critical test as they are formulated. Performance measures should be 

subjected to the following questions, and affirmatively answered, before being deployed: 

• Is it useful for monitoring progress and evaluating the degree of success? 

• Is it focused on outcomes that stakeholders will clearly understand and appreciate? 

• Is it practical � can we build a reliable baseline and cost-effectively collect performance 

data at periodic intervals? 
 

(a) Select the most critical IT performance indicators 

 

The portfolio of IT projects may have a number of performance indicators which reflect 

organisational requirements. Therefore, performance indicators having the greatest 

Lifecycle Management of IT Projects in Construction  



Chapter 9: Developing IT Performance Indicators and Measures   9-29 

priority/impact must be identified to limit the number of measures to those that only reflect 

important issues. The earlier sections of this chapter detail the research method to select the 

most significant performance indicators. However, the group of significant performance 

indicators, established from the questionnaire, should not be considered fixed. Organisations are 

encouraged to use a specific set of performance indicators that meet their organisational needs. 

 

(b)  Select the performance measures  

 

Once the number of performance indicators are identified, the next step is to decide specific 

measures, which reflect the performance of the indicators. As previously mentioned, 

performance measures consist of four components: the metrics to be used (e.g. conformance, 

efficiency, effectiveness, cost and reaction); the scale (e.g. dollars, hours); formula to be applied 

(e.g. % of �a� compared to �b�, mean time between failures, annual cost of maintenance); and 

the conditions under which the measurement will be taken (e.g. measurement taken after system 

is operational for one month, measurement taken quarterly). Figure 9.11 presents the 

recommended measurement focus and timing for each decision-making tier of a construction 

organisation. 
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Cyclical (e.g. annual or quarterly) -
Information that focuses on mission
results used for policy decisions and 
strategies. 

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

Periodic (e.g. quarterly or monthly) -
Information that focuses on unit results
associated with management and
operational improvements.

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

Regularly (e.g. daily or weekly) -
Information that focuses on activity 
and task level data used to make 
front line decisions and execute 
management decisions.

 
Figure 9.11  Measurement focus and timing at decision-making tiers  

(Stewart and Mohamed, 2001) 
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Of the possible performance measures that could be employed by the organisation, one or more 

is selected to report performance against each performance indicator. Each performance 

indicator may have a number of measures, as shown in Figure 9.12. 
 

(c) Cost and feasibility considerations 
 

The collection and analysis of performance data has a cost. However, the cost is acceptable if 

the benefit of the information received is worth more that the cost of the performance 

measurement. Naturally, cost will be incurred in dollars or the time and effort used by the staff 

to collect and analyse the performance data. The effort of collecting the performance data 

should not hinder the accomplishment of primary objectives.  
 

The organisations� management evaluates the performance measures that are feasible and that 

should be included in the set. There are no magic formulae by which to determine when a 

performance measure is too costly to pursue. Analysis and common sense are required to make 

this decision. If a performance measure cannot be associated with a performance indicator, then 

revisit the measure should be revisited. If a suitable measure cannot be developed, the 

performance indicator may be unrealistic. In such a case, consideration should be given to 

rewriting the performance indicator in light of this understanding of the issue. When this 

activity is complete, the selected number of measures should be adequate to address all critical 

performance indicators, while still being manageable. 

 

Select Performance Measures

Key Requirements Performance Measures

Performance Indicator 1

Performance Indicator 2

Performance Indicator 3

Performance Indicator 4

Performance Indicator 5

Performance Indicator 6

Performance Measure A

Performance Measure B

Performance Measure C

Performance Measure D

Performance Measure E

 
Figure 9.12 Matching performance measures to key requirements 
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(d) Select the performance baseline and target 

 

The next activity is to determine standards for each performance measure. That is, where are 

you today (baseline)? what should the IT investment accomplish (target)? and by when? Again, 

this detail may be an element of a well-written requirement, or the performance measure may 

add detail to a more generally stated requirement. The baseline value is the start point for future 

change. If there are performance measures currently in use, the data collected can provide the 

baseline. Otherwise the manager will have to determine the baseline by a reasonable analysis 

method. The target value indicates what is expected to be achieved. This is the understanding, 

reached among stakeholders, during the acquisition process as to the quantifiable benefits of the 

new system. If the organisation attains the target value, this defines success. 

 

Standards also need to be time phased. The baseline is recorded as the start point for future 

measurement. The targets may be plotted as a function over time, especially for IT investments 

that are being installed or upgraded, or as environmental factors change. However, incremental 

improvement is not necessarily success. The targeted improvement from the baseline must be 

achieved within the designated time frame in order to be counted as a success. Figure 9.13 

shows how the baseline and targets need to be expressed on a time scale for each performance 

measure. 
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Figure 9.13  IT Performance baseline and targets 
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(e) Requirements of performance measures  

 

When developing the performance measures, care should be taken to concentrate on meaningful 

measures, such as: 

 

• Understandable: expressed in simple, clear terms, so as to avoid misinterpretation or 

vagueness; 

• Attainable: can be met with reasonable effort under the conditions that are expected to 

prevail; 

• Measurable: can be communicated with precision; 

• Economic: cost of setting and administering is low in relation to activity covered; 

• Stable: have a long enough life to provide predicability and to amortise the effort preparing 

them; 

• Applicable: fit the conditions under which they are used; 

• Consistent: help to unify communication and operations throughout all functions of the IT 

project; 

• Equitable: can be accepted as a fair basis for comparison by the people who have the job of 

meeting the goal or standard; 

• Adaptable: designed so that elements can be added, changed and brought up to date 

without redoing the entire structure; 

• Valid: able to capture and reflect the main features of the process; and 

• Client focus: address areas important to the client (internal and external). 

 

The example in Step 1 can now be expanded to include the actual performance measures. 

 

(f) Example: Developing IT performance measures  

 

! At the project level 

 

Performance perspective: User orientation  

Performance indicator: Satisfactory level and frequency of IT support 

Indicator objective: Provide responsive technical support staff and decreased user reliance on 

technical support with time. 

Performance measures:  

# % of project budget devoted to IT support 

# % utilisation of support staff by users 
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# Average response time (hours) on request for help  

   

! At the business unit level 

 

Performance perspective: Operational  

Performance indicator: Information management 

Indicator objective: Optimise, streamline and integrate information sub-systems and databases. 

Performance measure:  

# % of documents transferred electronically  

 

! At the enterprise level 

 

Performance perspective: Benefits 

Performance indicator: Shareholder return 

Indicator objective: Increase shareholder value 

Performance measures:  

# % increase in share price 

# % increase in market capitalisation 

# % increase in Earning Per Share (EPS) 

 

(g) Revising performance measures 

 

The IT portfolio of projects has the expected outcomes that will satisfy key requirements. The 

end result will be expressed in measurable terms relating to the effectiveness, efficiency, user 

satisfaction, etc. At any point in the development process, the RC may determine that the 

requirements, objectives or even the goals of the IT project will be enhanced through revision. 

The RC must review the entire set of measures to determine how the enhancements affect the 

measures and measures should be revised accordingly. This may occur several times throughout 

the development process. The rigorous application of revisions is essential to the development 

of a meaningful set of measures. 

 

9.7.3 Step 3: Build baselines and collect data 

 

As detailed in phase two of the IT project lifecycle, a data collection strategy must be 

established for each performance measure. The RC must take responsibility for the 

implementation of the performance measurement process. The first activity is to prepare a data 

collection plan. The data collection plan should provide the details for the following items: 
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• Activities to be performed; 

• Resources to be consumed; 

• Target completion dates; 

• Who will make decisions; 

• Who will collect measures; and 

• When to present results. 

 

While the costs should have been considered in the development of each IT performance 

measure, at this point the cost of the set of measures becomes more evident. Excessively costly 

performance measures may cause a revisit to the previous step in order to find a different, less 

costly mix of performance measures to cover the IT project. 

 

Ingenuity in collection can also reduce the collection cost. For example, in many situations, a 

sampling will produce accurate enough results at a far less cost than the counting of every 

occurrence. Some results will be automatically generated by the system and can be assessed 

through a standard report. 

 

An obvious and true observation is that implementation is much easier if those who must collect 

the data are involved in the formulation of the performance measures and the collection plan. 

The collectors will do a much better job if they believe the performance measures are valid and 

useful. The collectors will also have specific insights regarding the best way to collect data. The 

collection plan should be published as an official document so that all participants know their 

responsibilities and can see their contributions. The ongoing success of the plan is contingent 

upon the cooperation of organisational participants. 
 

9.7.4 Step 4: Evaluate, interpret and report results 
 

Performance measures are effective in monitoring the IT investment against promises and 

expected costs. This evaluation enables judgements about and the application of, lessons 

learned. Those who collect the performance data should compile the report according to the 

collection plan (constructed in the previous step). Once a control chart (Figure 9.14) is 

produced for the particular performance measure(s), the RC can evaluate the performance of the 

IT performance indicator, including those measures. Required actions for this step include: 

• Gathering performance data, analyse and report as required; 

• Understanding the significance of the data; 

• Comparing outcomes to promised improvements; and 

• Adjusting the investment (or goals) as needed. 
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Figure 9.14 Control chart example 
 

9.7.5 Step 5: Review performance measures 
 

Periodically, the performance measures should be reassessed for validity. Appropriate times for 

review occur are when initial requirements are revised, at each milestone in the IT project 

lifecycle, and at the time of the reporting. Consistency in the application of the performance 

measures is a virtue � until a performance measure is no longer useful. The following questions 

will help examine the validity of the IT performance measures: 

• Have organisational goals, objectives and indicators changed? 

• Are existing measures effective for newly implemented technology? 

• Are the threshold and any objective target levels, appropriate in the light of recent 

performance and changes in technology? 

• Can success be defined by these performance measures? 

• Can improvements in the organisational objectives be defined by these performance 

measures? 

• Can improvements in the efficiency of operations be defined by these performance 

measures? 

• Have more relevant or appropriate measures been discovered? 

 

The above five-step procedure explains the development of performance measures in a step-by-

step sequential fashion. In practice, the development of performance measures involved 

Lifecycle Management of IT Projects in Construction  



Chapter 9: Developing IT Performance Indicators and Measures   9-36 

extensive iteration. Revisiting and modifying the output of earlier steps should not be seen as a 

sign of failure. Rather, it is the natural way to apply lessons to improve the products of each 

step. 

 

9.8 Applying IT Performance Measures 

 

Each significant IT performance indicator requires one or more associated IT performance 

measures. These measures allow the quantitative measurement of IT related inputs, outputs and 

outcomes. The five-step procedure proposed above can be used to develop a series of practical 

IT performance measures. These quantitative measurements can be linked to the IT performance 

indicators by relating IT performance targets to a generic scale for each indicator. The refined 

IT performance indicators and associated measures for each decision-making tier of a 

construction organisation are presented in Appendix C. It is important to note that these 

measures are only suggestions and should not be considered fixed. All organisations are 

encouraged to follow the procedure detailed above to develop measures that suit their individual 

needs.  

 

For each measure, the RC must also develop specific metrics, performance targets, data sources, 

etc. A construction organisation can ensure effective performance management by fully 

documenting performance measurement requirements. Because all measures relate to a common 

scoring system, and to enable their combination at a later stage, IT performance targets need to 

be associated with a common performance assessment scale. A suggested predetermined scale 

to evaluate IT-induced performance improvement within construction organisations can be seen 

in Table 9.11. It should be noted, however, that the performance evaluation framework, detailed 

in Chapter 10, goes well beyond the simplistic scale shown here, by applying utility theory to 

incorporate the risk averseness of the organisation using the framework. 

 

Table 9.11 Performance assessment scale 

Degree of 
Performance 
Improvement 

Definition Assessment 
Score 

None IT portfolio implementation has provided no performance 
improvement to the factor (perspective, indicator, measure) 

0 

Minor IT portfolio implementation has provided minor performance 
improvement to the factor (perspective, indicator, measure)  

25 

Moderate IT portfolio implementation has provided moderate performance 
improvement to the factor (perspective, indicator, measure) 

50 

High IT portfolio implementation has enhanced the factor (perspective, 
indicator, measure) significantly  

75 

Excellent IT portfolio implementation has revolutionised the factor 
(perspective, indicator, measure) 

100 
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The hypothetical example used in the following section illustrates the application of IT 

performance measures in construction organisations. The second part of the example explains 

how IT performance measures are linked to IT performance indicators.  

 

Example: performance measurement of project tier IT portfolio 

 

This example looks at how performance measures can be used to evaluate the performance of IT 

tools at the project tier. It illustrates the full implementation of only one indicator at the project 

tier. This single indicator was assumed to have two associated measures, which may represent 

only a small fraction of the measures required to fully evaluate the portfolio of IT projects 

implemented by the organisation.  

 

(a)  Setting up measurement description cards 

 

The first step in applying IT performance measures is to document the data sources, metrics, 

targets, etc., for each performance measure. The measurement description cards for two 

measures relevant to the IT performance indicator titled UO1: Satisfactory level and frequency 

of IT training are described in Tables 9.12 and 9.13.  

 

Once measurement description cards have been developed for each IT performance measure, 

the organisation can then begin to collect measurement data. 

 

(b)  Collection and analysis of measurement data 

 

For the hypothetical example, the construction organisation is implementing IT performance 

measurement on a pilot construction project. Upon the successful employment of IT 

performance measurement on the pilot construction project, the organisation may wish to adopt 

IT performance measurement across the entire organisation. At the completion of the seven-

month pilot construction project, the IT performance report details the following results for the 

two IT performance measures displayed above.  

 

For performance measure 1 (UO1-1) 

 

Decision-making tier: Project 

Performance perspective: User orientation 

Performance measure: UO1-1 of 2 

Measurement results: Monthly UO1-1 measurement results  

Lifecycle Management of IT Projects in Construction  



Chapter 9: Developing IT Performance Indicators and Measures   9-38 

Month  
(collection frequency) 

1 2 3 4 5 6 7 

Result (%) 52 55 57 60 61 65 68 
Score 5 12.5 17.5 25 27.5 37.5 45 

 

Performance score: 45 (minor to moderate improvement) 

 

For performance measure 2 (UO1-2) 

 

Decision-making tier: Project 

Performance perspective: User orientation 

Performance measure: UO1-2  

Measurement results:  

# IT training costs = $ 220,000 

# Total project budget (including variations) = $ 23,854,000  

# % of total project budget = 220,000 / 23,854,000 = 0.00922 = 0.92 %  

# 0.92 % relates to performance score = 9.75 

Performance score = 9.75 (very marginal improvement) 

 

(c) Linking IT performance measures to performance indicators 

 

Once the RC have summarised performance scores for each IT performance measure they can 

combine them to obtain the overall performance score for the IT performance indicator. For this 

example, the IT performance indicator is UO1: Satisfactory level and frequency of IT training, 

and its performance is represented by two performance measures UO1-1 and UO1-2. The 

performance report presented the performance scores for UO1-1 and UO1-2, viz. 45 and 9.75, 

respectively. These two performance scores need to be combined to establish the overall IT-

induced performance improvement for this indicator (UO1). In this example, the weighting of 

each measure is 50% (i.e. measures contribute evenly to the IT performance indicator). 

However, in cases where the RC determines that the contribution of one measure to the 

indicator�s performance is greater than another, they can weight each measure appropriately. 

The performance measures for this example can be combined to form the IT performance 

indicator score as follows: 

 

Weight × UO1-1 + Weight × UO1-2 = 0.5(45) + 0.5(9.5) = 27.25 ≅  27  

 

In summary, the score for the IT performance indicator UO1 is 27 (minor IT-induced 

performance improvement). This process can be undertaken for each IT performance indicator, 
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for each perspective, at each decision-making tier. The combination of the IT performance 

perspectives and the indicators becomes more difficult than this simplified example. For this 

reason, Chapter 10, discusses, in detail, the �IT performance evaluation framework� for 

construction organisations. The primary aim of this present chapter is to describe how IT 

performance measures can be employed, along with an explanation of their linkage to 

performance indicators. This data provides the foundation for the development of a �Construct 

IT� BSC. The refined IT performance indicators and developed performance measures can be 

combined to build a �Construct IT� BSC. 

 
Table 9.12  Example 1: Measurement description card for IT training proficiency 

Field Description 
Decision-making tier  Project 

Performance perspective  User orientation 

Performance indicator  Satisfactory level and frequency of IT training 

Indicator objectives  • Provide cost effective training sessions to users of 
technology 

• Achieve a satisfactory level of IT training 
proficiency 

Performance measure  
 

UO1-1 of 2 measures for performance indicator 

Measure weight 
 

50% of performance indicator 

Measure description 
 

% of users at the required level of proficiency 

Performance metric  
 

% 

Measure outcome Ensure that 90% of project staff members are proficient 
with IT applications and tools 

Performance baseline  
 

50% of staff members are proficient with IT applications 
and tools 

Performance targets Degree of 
performance 
improvement 

Performance 
Target: degree of  
proficiency (%) 

Assessment 
score 

 None 50 0 
 Minor 60 25 
 Moderate 70 50 
 High 80 75 
 Excellent 90 100 
Data source Proficiency tests   
Responsible component Project IT manager 
Data collector IT professional/user 
Collection frequency Monthly 
Report frequency The measure is reported upon completion of the 

construction project 
Remarks None 
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Table 9.13  Example 2: Measurement description card for IT training budget 

Field Description 
Decision-making tier Project 

Performance perspective User orientation 

Performance indicator  Satisfactory level and frequency of IT training 
Indicator objectives  • Provide cost effective training sessions to users of 

technology 
• Achieve a satisfactory level of IT training 

proficiency 
Performance measure  
 

UO1-2 of 2 measures for performance indicator 

Measure weight 
 

50% of performance indicator 

Measure description  
 

% of project budget invested in IT training and 
familiarisation 

Performance metric 
 

% 
 

Measure outcome Reduction of IT training budget over time 
Performance baseline  
 

The organisation currently requires that 1% of project 
budget be devoted to IT training 

Performance targets Degree of 
performance 
improvement 

Performance 
Target: training 

budget 

Assessment 
score 

 None 1.0 0 
 Minor 0.8 25 
 Moderate 0.7 50 
 High 0.6 75 
 Excellent 0.5 100 
Data source Information taken from project accounting information 

system   
Responsible component Project IT manager 
Data collector Project accountant 
Collection frequency At completion of each construction project 
Report frequency The measure is reported upon completion of the 

construction project 
Remarks Ensure that IT proficiency is not reduced due to 

decreased IT training budget  
 

 

9.9 Building a �Construct IT� BSC 

 

The general layout of the �Construct IT� BSC and the research method used for it�s complete 

development is outlined and illustrated in Chapter 7. The development of the key requirements 

for the �Construct IT� BSC is described in Chapters 8 and 9. These key requirements include 

the development of the IT performance perspectives, indicators and measures. Once established, 

these key requirements or components of the �Construct IT� BSC can be compiled together.  
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Using the five validated performance perspectives, and their associated indicators, it is now 

possible to develop the project tier �Construct IT� BSC. In addition, the perspective weight and 

dependency can be included with each perspective. Moreover, the indicator importance and 

interdependence values are included with each indicator. Figure 9.15 brings all these elements 

together to build up the project tier �Construct IT� BSC. In this figure, each perspective has its 

mean weight (%) and perspective dependency value in brackets. Further, the indicator codes 

refer to the indicator descriptions detailed in Table 9.9. Next to the indicator code, in brackets, 

is the indicator mean importance and its interdependency value. These values will be used in the 

following chapter to establish the relative weighting of the indicators and perspectives.  

 

MeasuresIndicators
Benefits Perspective

Utilisation

User/Staff Training 
& Support

Increased
Competitiveness

Improved EfficiencyCultural Change

Enhanced Process

Tangible & Intangible 
Benefits

Process
Coordination
& Integration

BE1 (4.05,18.15)
BE2 (4.14,17.73)
BE3 (3.88,17.21)
BE4 (4.14, 18.37)

MeasuresIndicators
Operational Perspective

OP1 (3.56,16.89)
OP2 (3.92,17.55)
OP3 (4.16,17.94)
OP4 (4.06,17.54)
OP5 (4.00,18.40)
OP6 (3.95,17.70)

MeasuresIndicators
Technology/System Perspective

TS1 (3.96,19.20)
TS2 (3.95,18.37)
TS3 (3.96,17.62)
TS4 (3.93,16.61)
TS5 (3.94,16.70)

MeasuresIndicators
User Orientation Perspective

UO1 (3.83,17.88)
UO2 (4.04,18.30)
UO3 (3.88,18.37)
UO4 (4.18,19.03)
UO5 (4.27,18.97)

MeasuresIndicators
Strategic Competitiveness Perspective

SC1 (4.03,17.32)
SC2 (3.94,17.83)
SC3 (3.65,16.97)
SC4 (3.25,15.88)
SC5 (3.36,16.06)

(16%,83.8)

(20%,90.8)

(28%,97.8) (17%,84.3)

(19%,85.8)

 

Figure 9.15 Project tier �Construct IT� BSC 

 

The framework can also be used for the business and enterprise tiers as detailed previously. 

Organisations can develop tier specific indicators for each of the five developed perspectives.  

 

9.10 Applying the IT Performance Evaluation Framework 

 

Developing the �Construct IT� BSC layout is the first step of the IT performance evaluation 

process. The next step requires the development of an IT performance evaluation method which 
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can apply the framework perspectives, indicators and measures. Chapter 10 details the 

developed IT performance evaluation methodology and illustrates a project tier application, 

while Chapter 11 discusses an industry-based study to illustrate the proposed framework.  

 

9.11  Summary 

 

The aim of this chapter was to screen and refine the proposed set of IT performance indicators, 

validate the framework perspectives and establish a method to develop and use IT performance 

measures. A screening process of the indicators was achieved through consultation with 

construction management academics, industry professionals and by conceptual cause-and-effect 

mapping. After the screening process, 30 indicators remained; they were then subjected to 

industry scrutiny through a questionnaire survey. The questionnaire targeted large construction 

organisations and 103 valid responses were received. 

 

The questionnaire survey was composed of three parts. Part A was concerned with the 

respondent profile and their organisation�s IT portfolio. Many of the respondents had access to 

basic IT communication tools, such as Internet and e-mail. However, only one quarter of the 

respondents used modern IT tools, such as web-based project management tools and video 

conferencing. Part B was concerned with the importance of IT performance perspectives and 

indicators. In summary, the operational perspective received the highest weighting (28%), 

followed by benefits (20%), strategic competitiveness (19%), technology/system (17%), and 

user orientation (16%). The performance indicators were subjected to a principal component 

factor analysis with varimax rotation to validate the conceptual framework and remove 

indicators with low or split loadings. A total of 25 indicators, spread across five factors, were 

retained from the data reduction process. Part C of the questionnaire survey established the 

mean values of each indicator�s importance to the five perspectives. These results were used to 

develop the PMPF created by Kagioglou et al. (2001) and to establish indicator interdependency 

and perspective dependency on the indicators. 

 

The second half of this chapter presents a practical method for the development of IT 

performance measures to use in conjunction with the developed indicators. The following 

chapter discusses the application of the �Construct IT� BSC through the proposed IT 

performance evaluation method. 
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CHAPTER  10 
 
 
 

METHOD TO EVALUATE IT PERFORMANCE 

IMPROVEMENT AT DECISION-MAKING TIERS 
 
 

10.1 General Remarks 

 

Leading organisations do not stop at the gathering and analysis of performance data, rather, 

these organisations use performance measurement to stimulate improvement efforts and to 

successfully translate strategy into action. In other words, they use performance measurement to 

manage their organisations. The most commonly used performance evaluation tool, the 

Balanced Scorecard (BSC), has been discussed previously in Chapter 7.  This chapter looks at 

the potential applications and benefits of using the BSC as a framework to evaluate the 

performance improvement resulting from IT implementation by a construction organisation.  

The chapter, firstly, provides a summary of the tiered �Construct IT� BSC developed in the 

previous chapters.  The developed framework allows for the measurement of IT performance at 

three different decision-making tiers (i.e. project, business unit and enterprise tiers). At each 

tier, a group of performance indicators are used to describe the key aspects of those activities 

that occur frequently enough to warrant meaningful measurement and comparison. The 

proposed framework applies the Analytic Hierarchy Process (AHP) and the Multi-Attribute 

Utility Theory (MAUT) to facilitate the aggregation the obtained diverse performance 

measurements, which thus giving rise to an overall IT performance improvement measure 

(score), at each decision-making tier.  To illustrate the application of the proposed framework, a 

project tier example is provided. The application is presented through a five-step IT 

performance evaluation method (see Stewart and Mohamed, 2001). 

 

10.2 The �Construct IT� BSC 

 

Kaplan and Norton (1996) emphasise that the BSC is only a template and must be customised 

for the specific elements of an organisation or industry (Chapter 7). In this application, such 
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customisation was deemed necessary as developing an IT performance measurement framework 

for construction organisations is a relatively young field of research, and so lacks a solid 

methodological foundation (Bjork, 1999).  Accordingly, a critical review was undertaken of the 

IT �business value� evaluation literature and a project-based case study was conducted (Chapter 

8) for the purpose of identifying how to adapt the BSC for IT in construction.  The outcome of 

this review has led to a list containing a large number of potential indicators, for each 

perspective, deemed to be applicable to measure IT performance. A project tier questionnaire 

survey of large Australian construction contractors and project managers was undertaken to 

obtain feedback about the validity, relevance and significance of these items (Chapter 9). From 

the list, a subset of twenty-five indicators were selected and subjected to a statistical factor 

analysis in order to group them into definable robust performance measurement perspectives. 

This statistical analysis then led to the following five (5) performance measurement 

perspectives, being established: operational; benefits; user orientation; strategic 

competitiveness; and technology/system (Figure 10.1). These perspective descriptions are 

detailed in Chapters 8 and 9. The significance of the indicators and measures displayed in the 

framework will be detailed as the chapter progresses. 

 

MeasuresIndicators

Benefits Perspective

Utilisation

User/Staff Training 
& Support

Increased
Competitiveness

Improved EfficiencyCultural Change

Enhanced Process

Tangible & Intangible 
Benefits

Process
Coordination
& Integration

BE1 (4.05,18.15)
BE2 (4.14,17.73)
BE3 (3.88,17.21)
BE4 (4.14, 18.37)

MeasuresIndicators

Operational Perspective

OP1 (3.56,16.89)
OP2 (3.92,17.55)
OP3 (4.16,17.94)
OP4 (4.06,17.54)
OP5 (4.00,18.40)
OP6 (3.95,17.70)

MeasuresIndicators

Technology/System Perspective

TS1 (3.96,19.20)
TS2 (3.95,18.37)
TS3 (3.96,17.62)
TS4 (3.93,16.61)
TS5 (3.94,16.70)

MeasuresIndicators

User Orientation Perspective

UO1 (3.83,17.88)
UO2 (4.04,18.30)
UO3 (3.88,18.37)
UO4 (4.18,19.03)
UO5 (4.27,18.97)

MeasuresIndicators

Strategic Competitiveness Perspective

SC1 (4.03,17.32)
SC2 (3.94,17.83)
SC3 (3.65,16.97)
SC4 (3.25,15.88)
SC5 (3.36,16.06)

(16%,83.8)

(20%,90.8)

(28%,97.8) (17%,84.3)

(19%,85.8)

OP1-M1,M2
OP2-M1,M2
OP3-M1,M2
OP4-M1,M2
OP5-M1
OP6-M1

BE1-M1,M2
BE2-M1,M2
BE3-M1,M2
BE4-M1,M2,M3

TS1-M1,M2
TS2-M1
TS3-M1
TS4-M1,M2
TS5-M1

SC1-M1
SC2-M1
SC3-M1
SC4-M1
SC5-M1,M2

UO1-M1,M2,M3
UO2-M1,M2
UO3-M1,M2,M3
UO4-M1
UO5-M1

Perspective e.g. Benefits
(20%,90.8) = (perspective weight (%), perspective dependency)
Indicators e.g. BE1
BE1 (4.05,18.15) = (indicator mean, indicator interdependency)

Legend

 
Figure 10.1 Proposed �Construct IT� BSC with five performance perspectives  

(Stewart and Mohamed, 2001) 
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10.3 IT Performance Measurement at Organisational Tiers 

 

This section provides an overview of the philosophy behind applying performance measurement 

at organisational tiers, which was detailed extensively in Chapter 7. IT performance results lose 

their applicability if they do not contribute to the goals or objectives of the organisation.  As 

such, IT performance measurement needs to be undertaken at the relevant decision-making tiers 

of an organisation (Stewart and Mohamed, 2000). Selecting three decision-making tiers (i.e. 

project, business unit and enterprise) offers several advantages, including: 1) alignment of IT 

measures with organisational objectives; 2) systematic linkage among these measures and 

enterprise, business unit, and project objectives; and 3) enhanced communication and 

understanding of IT performance measurement throughout the organisation. For example, the 

ability to include input and output measures at the project and business unit tiers, and outcome 

measures at the enterprise tier would enhance the linkage of IT performance measures to 

organisational goals and objectives. Therefore, this chapter proposes applying the �Construct IT� 

BSC to each of the above-mentioned three decision-making tiers of an organisation.  

 

Performance measures at each decision-making tier should have specific purposes.  At the 

enterprise tier, for example, measures are expected to focus on the organisation�s mission, goals 

and objectives. Outcomes derived at the business unit tier would be summarised and reported to 

the enterprise tier which, in turn, could then present deliverables to stakeholders. At the business 

unit tier, more detailed performance information would be required by management to monitor 

and assess IT processes and programs. Therefore, business unit managers would rely on the 

concise reporting by project managers who are concerned with the day-to-day performance of 

the IT processes, systems and support. A strong emphasis should be placed on input and output 

measures at each tier.  

 

In addition to performance measures, there should be tier-specific performance indicators that 

provide the link between a performance perspective and its measures. These indicators should 

be able to reflect performance improvement resulting from IT implementation. Figure 10.2 

illustrates a structured hierarchy of performance perspectives, indicators and associated 

measures, developed specifically for a particular tier to ensure that: 

  

• Performance evaluation can be undertaken through a structured method;  

• Indicators and measures reflect the goals and objectives of that particular tier; and 

• The �Construct IT� BSC is more than a group of isolated and eventually conflicting 

strategies and measures. 
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Potential performance indicators can be extracted from the IT in construction management and 

general IT literature, discussed in Chapters 7 to 9. To avoid relying only on subjective 

assessment, measures, which extend beyond typical perceptions of performance, must be 

included. Therefore, each indicator should have one or more performance measures (composed 

of a number and a unit of measure) that allow quantitative data to be obtained for a particular 

process, output or outcome. Thus, enabling a direct and quantifiable comparison between 

current and previous performance to be made. For example, the performance measure, �percent 

of users satisfied with IT applications�, requires the subjective assessment of users, but also 

adopts metrics (standards of measurement) of a quantitative nature.  

 

10.4 IT Performance Evaluation Method 

 

As mentioned earlier, the objective of IT performance evaluation, conducted at each tier, is to 

provide an overall performance improvement score for this particular tier. In this section, a 

hypothetical example is used to illustrate the process of evaluating IT performance 

improvement, at the project tier, through a five-step procedure (Figure 10.3).  

 

IT Performance Perspectives
IT performance perspectives are the broad
company goals for IT performance
measurement. They are generic to every tier
of the organisation.

IT Performance Measures
IT performance measures quantitatively
evaluate IT-induced performance for each IT
performance indicator at each decision-making
tier of the organisation. The number of
measures chosen for each indicator will be
dependent upon the extent of IT performance
measurement results the company wishes to
obtain.

IT Performance Indicators
IT performance indicators are tier specific
objectives of the organisation for the IT
portfolio implementation.

Project
Tier

Business 
Unit Tier

Enterprise
Tier

Broad Company
Goals

�Construct IT�
BSC

Tiered Indicators and Measures

M1OP1
OP2

OP3

M1
M1

OP1

OP2

M1
M2
M3

OP1
M1
M2
M3

OPERATIONAL 
(OP)

BENEFITS 
(BE)

TECHNOLOGY 
/ SYSTEM 

(TS)

STRATEGIC 
COMPETITIVENESS 

(SC)

USER 
ORIENTATION 

(UO)

OP2

OP3

M1
M2
M1
M2

M1
M2
M3
M4

OP4
M1
M2
M3

 
Figure 10.2  Tiered �Construct IT� BSC layout (Stewart and Mohamed, 2001) 
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Step 1: Develop effective IT
performance measures

Step 1: Develop effective IT
performance measures

Step 4: Develop utility functions for
each IT performance measurement

Step 4: Develop utility functions for
each IT performance measurement

Step 3: Apply IT performance measuresStep 3: Apply IT performance measures

Step 2: Establish weights of
perspectives, indicators and measures

Step 2: Establish weights of
perspectives, indicators and measures

Step 5: Evaluate overall IT-induced
performance improvement

Step 5: Evaluate overall IT-induced
performance improvement

C
on
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l P
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ss

Concise list of quantitative
and qualitative IT

performance measures

Concise list of quantitative
and qualitative IT

performance measures

Relative weight of
perspectives and indicators,

and global weight of
measures

Relative weight of
perspectives and indicators,

and global weight of
measures

Measurement description
cards developed and

measurement data obtained
for each measure

Measurement description
cards developed and

measurement data obtained
for each measure

Series of utility functions for
each IT performance measure
Series of utility functions for
each IT performance measure

Overall IT-induced
improvement established

Overall IT-induced
improvement established

Outcomes

 
Figure 10.3  Five-step IT performance evaluation methodology 

 

Figure 10.4 details the proposed four-level hierarchical structure of the project tier under 

investigation where the IT tool is a web-based system used to instantly share, visualise and 

communicate project information between project participants. Level 1 is associated with the 

overall IT performance improvement at the project tier; while Level 2 consists of the BSC 

perspectives; whereas Level 3 is divided into a series of identifiable performance indicators 

relevant to the project tier.  Finally, level 4 consists of performance measures that allow for the 

evaluation of IT-induced performance improvement across the five perspectives.  
 

10.4.1 Step 1: Develop IT performance measures 
 

A variety of quantitative and qualitative measures need to be utilised to capture accurate and 

timely data reflecting the full potential benefits of the implemented IT tool(s).  Data can be 

obtained through various means including questionnaires, interviews, records and databases. 

Table 10.1 details selected IT performance indicators, key aspects and measures for the 

operational perspective at the project tier. This step needs to be repeated for each of the 

remaining four perspectives (see Appendix C). Upon completion of this exercise, developed 

perspectives, indicators and measures can be weighted according to the hierarchy displayed in 

Figure 10.4, and as explained in detail below.  

 

Lifecycle Management of IT Projects in Construction 



Chapter 10: Method to Evaluate IT Performance Improvement   10-6 

 

 

 

O
BJ

EC
T

IV
E

O
ve

ra
ll 

pe
rfo

rm
an

ce
im

pr
ov

em
en

t a
t

pr
oj

ec
t t

ie
r d

ue
 to

 IT
im

pl
em

en
ta

tio
n

Be
ne

fit
s (

BE
)

Te
ch

no
lo

gy
/S

ys
te

m
 (T

S)

St
ra

te
gi

c 
C

om
pe

tit
iv

en
es

s (
SC

)

U
se

r 
O

ri
en

ta
tio

n 
(U

O
)

O
pe

ra
tio

na
l (

O
P)

LE
V

EL
 3

(I
T 

Pe
rf

or
m

an
ce

 In
di

ca
to

rs
)

LE
V

EL
 2

(I
T 

Pe
rf

or
m

an
ce

 P
er

sp
ec

tiv
es

)
LE

V
EL

 1
(O

bj
ec

tiv
e)

O
P1

. P
ro

ce
ss

in
g 

of
 p

ro
gr

es
s c

la
im

s

O
P2

. I
m

pr
ov

ed
 c

on
tra

ct
 a

dm
in

is
tra

tio
n

O
P3

. C
oo

rd
in

at
io

n 
an

d 
co

m
m

un
ic

at
io

n 

O
P4

. F
as

te
r r

ep
or

tin
g 

an
d 

fe
ed

ba
ck

 

O
P5

. Q
ui

ck
er

 re
sp

on
se

 ti
m

es
 

O
P6

. O
pt

im
is

e 
st

af
f u

til
is

at
io

n 

B
E1

. T
im

e 
sa

vi
ng

s (
do

c.
 m

an
ag

em
en

t)

B
E2

.  
R

ed
uc

ed
 m

ul
tip

le
 h

an
dl

in
g 

of
 d

oc
s

B
E3

.  
Im

pr
ov

ed
 d

oc
um

en
t q

ua
lit

y

B
E4

. R
ea

lis
ed

 c
os

t s
av

in
gs

  

TS
1.

 R
el

ia
bi

lit
y 

of
 IT

 to
ol

TS
2.

 A
pp

ro
pr

ia
te

ne
ss

 fo
r a

pp
lic

at
io

n 

SC
2.

 O
rg

an
is

at
io

na
l c

om
pe

tit
iv

en
es

s

SC
3.

 E
nh

an
ce

d 
or

ga
ni

sa
tio

na
l i

m
ag

e 

U
O

1.
Le

ve
l a

nd
 fr

eq
ue

nc
y 

of
 IT

 tr
ai

ni
ng

 

U
O

2.
 L

ev
el

 a
nd

 fr
eq

ue
nc

y 
of

 IT
 su

pp
or

t 

TS
3.

 Im
pr

ov
ed

 q
ua

lit
y 

of
 o

ut
pu

t

TS
4.

 E
ffe

ct
iv

e 
sy

st
em

 se
cu

rit
y

SC
1.

 Im
pr

ov
ed

 c
lie

nt
 sa

tis
fa

ct
io

n

O
P5

-M
1

O
P1

-M
1

O
P1

-M
2

O
P2

-M
1

O
P2

-M
2

O
P6

-M
1

TS
2-

M
1

B
E1

-M
1

B
E1

-M
2

B
E2

-M
1

B
E2

-M
2

B
E3

-M
1

B
E3

-M
2

TS
1-

M
1

TS
1-

M
2

TS
4-

M
1

TS
4-

M
2

TS
3-

M
1

SC
2-

M
1

SC
1-

M
1

SC
3-

M
1

U
O

1-
M

1
U

O
1-

M
2

U
O

2-
M

1
U

O
2-

M
2

LE
V

EL
 4

(I
T 

Pe
rf

or
m

an
ce

 M
ea

su
re

s)

(0
.2

8)

(0
.2

0)

(0
.1

7)

(0
.1

9)

(0
.1

6)

(1
.0

)

(0
.1

44
)

(0
.1

64
)

(0
.1

78
)

(0
.1

70
)

(0
.1

76
)

(0
.1

67
)

(0
.2

54
)

(0
.2

53
)

(0
.2

30
)

(0
.2

62
)

(0
.2

18
)

(0
.2

08
)

(0
.2

00
)

(0
.1

87
)

(0
.2

27
)

(0
.2

28
)

(0
.2

01
)

(0
.1

83
)

(0
.1

98
)

[0
.0

20
1]

[0
.0

20
1]

[0
.0

23
0]

[0
.0

23
0]

[0
.0

25
0]

[0
.0

23
8]

[0
.0

49
3]

[0
.0

46
8]

[0
.0

25
4]

[0
.0

25
4]

[0
.0

25
3]

[0
.0

25
3]

[0
.0

23
0]

[0
.0

23
0]

[0
.0

21
0]

[0
.0

18
5]

[0
.0

18
5]

[0
.0

35
3]

[0
.0

33
9]

[0
.0

15
9]

[0
.0

15
9]

[0
.0

43
1]

[0
.0

43
4]

[0
.0

38
3]

[0
.0

11
7]

[0
.0

08
8]

[0
.0

15
8]

[0
.0

15
8]

TS
5.

 S
ui

ta
bi

lit
y 

fo
r s

ite
 c

on
di

tio
ns

TS
5-

M
1

(0
.1

88
)

[0
.0

32
0]

SC
4.

 P
ro

je
ct

 a
lli

an
ce

s  
SC

4-
M

1
[0

.0
31

9]
(0

.1
87

)

O
P3

-M
1

O
P3

-M
2

O
P4

-M
1

O
P4

-M
2

B
E4

-M
1

B
E4

-M
2

B
E4

-M
3

[0
.0

15
7]

[0
.0

15
7]

SC
5.

 A
bi

lit
y 

to
 a

ttr
ac

t c
lie

nt
s 

(0
.1

88
)

[0
.0

16
7]

SC
5-

M
1

SC
5-

M
2

[0
.0

16
7]

U
O

3.
 E

ffe
ct

iv
e 

IT
 u

til
is

at
io

n 
U

O
3-

M
1

U
O

3-
M

2
U

O
3-

M
3

[0
.0

09
1]

[0
.0

01
22

]
[0

.0
09

1]

U
O

4.
 U

se
r s

at
isf

ac
tio

n 
U

O
4-

M
1

[0
.0

34
0]

U
O

5.
 U

se
r f

rie
nd

lin
es

s 
U

O
5-

M
1

[0
.0

34
6]

U
O

3-
M

3
[0

.0
08

8]

(0
.1

90
)

(0
.2

13
)

(0
.2

16
)

[0
.0

25
0]

[0
.0

23
8]

Fi
gu

re
 1

0.
4 

  P
ro

je
ct

 ti
er

 fr
am

ew
or

k 
fo

r 
IT

 p
er

fo
rm

an
ce

 m
ea

su
re

m
en

t (
St

ew
ar

t a
nd

 M
oh

am
ed

, 2
00

1)

 

Lifecycle Management of IT Projects in Construction 



Chapter 10: Method to Evaluate IT Performance Improvement   10-7 

 

Table 10.1 IT Performance indicators and measures for the operational perspective  

Performance 
Indicator 

Key Aspects Performance Measure 

IT-enhanced 
processing of 
progress claims 
(OP1) 

• Project staff are proficient at 
processing progress claims using 
IT applications/tools 

• IT assists in the efficient transfer 
and handling of progress claims 

1) % of users proficient at using IT-
based progress claim applications 
tools (OP1-M1) 

2) % of claims transferred using IT 
applications/tools (OP1-M2) 

Improved contract 
administration 
(OP2) 

• Project staff are proficient with 
the use of IT-based contract 
administration procedures 

• IT assists in the efficient transfer 
and handling of project 
documents  

1) % of users proficient with IT-
based contract administration 
procedures employed on the 
project (OP2-M1) 

2) % of documents transferred 
using IT applications/tools (OP2-
M2) 

IT-enhanced 
coordination and 
communication 
(OP3) 

• Improved coordination and 
communication among project 
participants  

 

1) No. of conflicts resulting from 
lack of coordination reduced by 
�a� % (OP3-M1) 

2) Time spent on re-work arising 
from lack of coordination 
reduced by �a�% (OP3-M2) 

Faster reporting 
and feedback (OP4) 

• Information is made available to 
the entire project team as soon as 
it is ready 

1) Time taken to report changes to 
management (OP4-M1) 

2) Time spent on reporting to total 
time at work, reduced by �a� % 
(OP4-M2) 

Quicker response 
times (OP5) 

• IT applications/tools facilitates 
quicker response to project 
queries 

1) Response time to answer design 
queries reduced by �a� % (OP5-
M1) 

2) Time taken to provide 
information needed to arrive at 
decision reduced by �a� % (OP5-
M2) 

Optimise staff 
utilisation (OP6) 

• Increased staff, consultant and 
sub-contractor utilisation due to 
IT introduction, i.e. reduced 
travel, improved communication, 
information retrieval 

1) Staff productivity improves by 
�a� %. (OP6-M1) 

2) % reduction in utilisation of 
consultants and sub-contractors 
(OP6-M2) 

 
10.4.2 Step 2: Establish weights 

 

The AHP method (Saaty, 1990) is the recommended tool to facilitate weighting all of level 2 

perspectives, level 3 indicators and level 4 measures. AHP enables the decision-maker to 

structure a complex problem in the form of a simple hierarchy and to evaluate a large number of 

quantitative and qualitative factors in a systematic manner under multiple, and perhaps 

conflicting criteria (Chapter 4).  
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For the project tier application, I had available the relative weighting of perspectives, and the 

importance and interdependency of indicators, established from the industry questionnaire 

survey (Figure 10.1 and Chapter 9). This information was used to derive the relative weights 

of performance perspectives and indicators (Table 10.2). The relative weighting of IT 

performance perspectives is as per the mean weight established from the survey: (1) Operational 

= 0.28; (2) Benefits = 0.20; (3) Technology/System = 0.17; (4) Strategic Competitiveness = 

0.19; and (5) User Orientation = 0.16. The indicator relative weighting was calculated from the 

product of the Indicator Mean (IM) value and the Indicator Interdependence Mean (IIM) value. 

For example for the indicator OP1, the product of IM × IMM = 3.56 × 16.89 = 60.132. The sum 

of the IM × IIM column for the operational perspective was 418.30. The relative weight of 

indicator OP1 was calculated by dividing the product of IM × IMM by this summed value, i.e. 

60.132/418.30 = 0.144. The same process was adopted for the remaining indicators. 
 

Table 10.2 Relative weight of IT performance indicators 

Code Description 
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r 
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OP1 IT-enhanced processing of progress claims 3.56 16.89 60.132 0.144 
OP2 Improved contract administration 3.92 17.55 68.799 0.164 
OP3 IT-enhanced coordination and communication 4.16 17.94 74.641 0.178 
OP4 Faster reporting and feedback 4.06 17.54 71.205 0.170 
OP5 Quicker response times 4.00 18.40 73.594 0.176 
OP6 Optimise staff utilisation 3.95 17.70 69.930 0.167 
   SUM 418.30 1.000 
BE1 Time savings due to efficient doc. management 4.05 18.15 73.494 0.254 
BE2 Reduced multiple handling of documents 4.14 17.73 73.416 0.253 
BE3 Improved document quality 3.88 17.21 66.757 0.230 
BE4 Realised cost savings 4.14 18.37 76.046 0.262 
   SUM 289.713 1.000 
TS1 Reliability of IT tool 3.96 19.20 76.050 0.218 
TS2 Appropriateness for application/function 3.95 18.37 72.579 0.208 
TS3 Improved quality of output 3.96 17.62 69.768 0.200 
TS4 Effective system security 3.93 16.61 65.270 0.187 
TS5 Suitability for site conditions 3.94 16.70 65.805 0.188 
   SUM 349.472 1.000 
SC1 Improved client satisfaction 4.03 17.32 69.811 0.227 
SC2 Enhanced organisational competitiveness 3.94 17.83 70.261 0.228 
SC3 Enhanced organisational image 3.65 16.97 61.936 0.201 
SC4 Project alliances forged through electronic means 3.25 15.88 51.616 0.168 
SC5 Ability to attract more sophisticated clients 3.36 16.06 53.977 0.175 
   SUM 307.601 1.000 
UO1 Satisfactory level and frequency of IT training 3.83 17.88 68.478 0.183 
UO2 Satisfactory level and frequency of IT support 4.04 18.30 73.925 0.198 
UO3 Effective IT utilisation 3.88 18.37 71.278 0.190 
UO4 User satisfaction 4.18 19.03 79.528 0.213 
UO5 User friendliness 4.27 18.97 80.982 0.216 
   SUM 374.191 1.000 
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However, since measures were not the subject of the questionnaire survey, their relative weight 

was calculated using the AHP. To establish the relative weights of level 4 measures, in my 

example, expert judgement was required to compare the relative importance of each measure 

using the fundamental scale developed by Saaty (1990), which ranges from 1= �equal 

importance� to 9 = �absolute importance�.  This comparison has led to the relative weights 

shown in Figure 10.4, and the figure displays the relative weights of the performance 

perspectives and indicators obtained using the results detailed above and the global weights of 

measures using the commercial software package, Expert Choice (Expert Choice, 2000).  For 

simplicity of presentation, the global and not the relative weights of performance measures are 

shown in Figure 10.4.  Global weights were obtained by multiplying the relative weight of a 

performance measure by the relative weights of its parent indicator and perspective.  Thus, the 

global weight of the performance measure OP1-M1, see Figure 10.4, was calculated by 

multiplying the relative weights of the measure OP1-M1, indicator OP1 and perspective OP, 

which were 0.5, 0.144 and 0.28, respectively (i.e. 0.5 × 0.144 × 0.28 = 0.0201).  These global 

weights were used in evaluating the overall IT performance improvement, as described below. It 

should be noted here that the AHP was generally used for calculating the relative weights of all 

factors (i.e. perspectives, indicators and measures). 

 

10.4.3 Step 3: Apply IT performance measures 

 

As detailed above, each IT performance indicator will have one or more associated performance 

measures. These measures have their own metrics, data sources and minimum and maximum 

performance targets, as predetermined by top management. To effectively handle all this 

information, a measurement description card for individual measures, as that shown in Table 

10.3, can be used. Table 10.3 details a measurement description card for the first performance 

measure in my example (i.e. OP1-M1: % of users proficient at using IT-based progress claim 

applications and tools), which was associated with the performance indicator (OP1: IT-

enhanced processing of progress claims), see Figure 10.4. For the purpose of my example, it is 

assumed that performance results for this measure were collected over a 7-month period 

commencing from the implementation of the IT tool under evaluation (Table 10.4).   
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Table 10.3  Measurement description card for measure OP1-M1 

Field Description 
Decision-making tier  Project 
Performance perspective  Operational (OP) 
Performance indicator   IT-enhanced processing of progress claims (OP1) 
Indicator objectives  • Project staff are proficient at processing progress claims 

using IT applications/tools 
• IT assists in the efficient transfer and handling of progress 

claims 
Performance measure  OP1-M1 of 2 measures 

Measure weight 50% of performance indicator OP1 

Measure description  % of users proficient at using IT-based progress claim 
applications and tools 
 

Performance metric  % 

Measure outcome Ensure that 90% of users are proficient at using IT-based 
progress claim applications and tools 
 

Performance baseline 
 

50% of users are proficient with at using IT-based progress 
claim applications and tools 
 

Performance targets Degree of performance 
improvement 

Performance target: 
Degree of  proficiency (%) 

 None 50 
 Minor 60 
 Moderate 70 
 High 80 
 Excellent 90 
Data source Staff will undertake computer proficiency tests   
Responsible component Project IT manager 
Data collector Project IT professional 
Collection frequency Proficiency tests will be undertaken monthly 
Report frequency The measure is reported upon completion of the construction 

project 
Remarks None 

 

Table 10.4  Monthly measurement results for measure OP1-M1  

Month (collection frequency) 1 2 3 4 5 6 7 
Result (%) 52 55 57 60 61 65 68 

 

Repeating this step (Step 3) for other selected performance measures gives rise to a collection of 

diverse performance results, at a certain point in time. To enable the proper assessment of these 

results, measures must relate to commensurable units (utiles). This process allows the 

aggregation of measurement results into a single value reflecting the degree of IT-induced 

performance improvement (Table 10.5).  As can be seen, the problem of measuring 

performance improvement was, therefore, basically reduced to a multi-attribute problem. As a 
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result, the approach chosen to handle this problem was the construction of a multi-attribute 

utility model, based on the combination of weighted one-dimensional utility functions, 

according to expected utility theory. This process is explained, in detail, in the following step 

(Step 4). 

 

Table 10.5  Performance assessment scale 

Degree of 
Performance 
Improvement 

Definition Utility 
Value 

None IT portfolio implementation has provided no performance improvement to 
the factor (perspective, indicator or measure). 

0 

Minor IT portfolio implementation has provided minor performance 
improvement to the factor (perspective, indicator or measure).  

25 

Moderate IT portfolio implementation has provided moderate performance 
improvement to the factor (perspective, indicator or measure). 

50 

High IT portfolio implementation has enhanced the factor (perspective, indicator 
or measure) significantly. 

75 

Excellent IT portfolio implementation has revolutionised the factor (perspective, 
indicator or measure). 

100 

 
10.4.4 Step 4: Develop utility functions for each IT performance measurement 

 

Multi-Attribute Utility Theory (MAUT) takes into consideration the decision-maker�s 

preferences in the form of a utility function which is defined over a set of criteria (Goicoechea 

et al., 1982).  Utility is a measure of the desirability or satisfaction and provides a uniform scale 

to compare and/or combine tangible and intangible criteria (Ang and Tang, 1984), whereas a 

utility function is a device which quantifies the preferences of the decision-maker by assigning a 

numerical index to the varying levels of satisfaction of a criterion (Mustafa and Ryan, 1990).  In 

order to determine the overall utility function for any criterion, a decision-maker needs only to 

determine N one-dimensional utility functions for that criterion, where N is the number of 

attributes associated with this criterion. MAUT generally combines the main advantages of 

simple scoring techniques and optimisation models (Hatush and Skitmore, 1998). Fishburn 

(1965) introduced the additive multi-attribute utility model, deriving simultaneously the 

necessary conditions for its validation. This model takes the form; 

 

∑
=

=
N

i
iiiNi xukxxxu

1
1 )(),...,,...,(       (10.1) 

 

where i = 1,�,N,  xi is the value of attribute i; ui(xi) is the one-dimensional utility function 

associated to attribute i; ki is the weight of the attribute i; and u(x1,�,xN) is the multi-attribute 

utility function.  
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Continuing with this example, the recorded performance result for the measure OP1-M1, at the 

end of the 7-month period, was intermediate (68%) of the already defined minimum and 

maximum performance targets, 50% and 90% (Table 10.3), respectively. Given these three 

values, an equivalent utility value for the recorded performance result could be obtained by a 

process known as �standard gambling�. In this process, the decision-maker assigns the worst 

outcome (i.e. baseline performance target = 50% target proficiency) a utility value of zero, and 

the best outcome (i.e. optimum performance target = 90% target proficiency) a utility value of 

100. This establishes the range of utility values from 0 to 100, between the worst and the best 

possible outcomes. To determine the utility of immediate values (say 60%), the decision-maker 

is offered a choice between the following two lottery options (Figure 10.5): 

 

Lottery 1: go to route R1 for a certain consequence of �60% proficiency� for measure 

OP1-M1. 

 

Lottery 2: go to route R2 for either a best consequence of �90% proficiency�, with a 

probability of p, or a worst consequence of �50% proficiency�, with a 

probability of 1 - p. 

 

Decision 
node

Chance 
node

R2

R1
P =1

1 - P

P = ?
90% proficiency
 ui(xi) = 1

50% proficiency
ui(xi) = 0

60% proficiency ui(xi) = 0
70% proficiency
80% proficiency

Baseline Level

Excellence Target

 
 

Figure 10.5  Pair of lotteries for measure OP1-M1 
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For the decision-maker to choose from the above two routes, the utility value of the �60% 

proficiency� score must be assessed and compared with the expected utility of the risk option. 

Thus, what utility value should be assigned to the certain outcome of the �60% proficiency�? To 

do this, a relative preference for a �60% proficiency� consequence is determined by finding the 

probability p for the best outcome (90% proficiency score) (Figure 10.5), to which the decision-

maker is indifferent between the certain route R1 and the gamble route R2.  Let us suppose that 

after some mental trial and error, the decision-maker judges the indifference probability to be p 

= 0.25. This indifference (at p = 0.25) allows the utility value of �60% proficiency�, i.e. u(60%), 

to be found from the principle of expected values (Speigel, 1980) and from probability theory. 

The expected utility from route R2 of the 50-50 gamble is p × (utility of the best outcome score) 

+ (1 � p) × (utility of worst outcome), i.e. 0.25 × u(60%) + (1 � 0.25) × u(50%) = 0.25(100) + 

0.75(0) = 25. Since the decision-maker is indifferent between �60% proficiency� target for 

certain and this gamble, the alternatives have the same utility value, that is u(60%) = 25. 

 

This procedure can be used for any scores between �50% proficiency� and �90% proficiency� − 

the more utility values obtained between these two limits, the more accurate and reflective is the 

utility curve. Table 10.6 summarises the utility values obtained for different performance 

targets for measure OP1-M1. Figure 10.6 shows the resulting utility curve, in which the 

measure targets are plotted against the utility values. Once the utility, or preference, curve is 

constructed, the measure targets for any value between �50% proficiency� and �90% 

proficiency� can be interpolated directly from the curve. From this curve, the utility function can 

be formulated using regression analysis. The utility curve for measure OP1-M1 is displayed as 

Eq. (10.2) and detailed in Figure 10.6.  The utility functions for all of the remaining measures 

can be developed in a similar manner. 

 
10160286 11

2
111111 +−= −−−− )(x)(x)(xu MOPMOPMOPMOP                      (10.2) 

 
Table 10.6  Utility values for different targets for measure OP1-M1  

 Measure OP1-M1 
Targeted IT performance improvement (%) 50 60 70 80 90 

Utility value (scale 0 to 100) 0 25 40 60 100 
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Figure 10.6 Utility curve for measure OP1-M1 

 

10.4.5 Step 5: Evaluate overall IT performance improvement 

 

Substituting the measure result of �68% of users at the required level of proficiency� (xOP1-M1 = 

0.68) into the utility function (Eq. 10.2), gave rise to the equivalent utility value for this 

particular performance measure (uOP1-M1(xOP1-M1) = 33.4). Multiplying this value by the 

corresponding global weight (obtained in step 2 for this measure), a weighted utility value of 

0.671 was obtained (Table 10.7). A set of weighted utility values can be calculated by repeating 

steps 4 and 5 for the remaining performance measures in the framework hierarchy. Since the 

global weights must add up to unity, the overall IT performance improvement can be simply 

obtained by summation of the weighted utility values. From Table 10.7, it can be seen that the 

overall IT performance improvement for the project tier was 31.641, reflecting minor to 

moderate IT-induced performance improvement, according to the assessment scale shown in 

Table 10.5. 

 

It is worth pointing out that the user has the freedom to evaluate IT-induced performance 

improvements at one or more different levels of the hierarchy (i.e. for any particular indicator or 

perspective). In this case, the developed utility functions (step 4) need to be combined at the 
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required level.  For example, the utility function for performance indicator �OP1� can be 

obtained by combining its associated performance measures� functions OP1-M1 and OP1-M2 

utility functions using Eq. (10.3). 

 

( ) )()(, 21212111111121111 MOPMOPMOPMOPMOPMOPMOPMOPOP xukxukxxu −−−−−−−− +=      (10.3) 

 

Similarly, the operational perspective utility function is obtained by combining the relevant 

performance indicators� functions using Eq. (10.4).  

 

( ) )(................)(,........, 66611161 OPOPOPOPOPOPOPOPOP xukxukxxu ++=            (10.4) 

 

Table 10.7 Hierarchy and analysis of project tier IT performance measures 
Perspective Indicator Measure 

Code 
Metric Performance 

Result 
xi 

Equivalent 
Utility Value 

ui(xi) 

Global 
Weight 

ki  

Weighted 
Utility Value 

ki ui (xi) 
OP1-M1 % 68 33.4 0.0201 0.671 OP1 OP1-M2 % 70 45.6 0.0201 0.917 
OP2-M1 % 52 14.7 0.0230 0.338 OP2 OP2-M2 % 66 10.3 0.0230 0.237 
OP3-M1 % 5 38.2 0.0250 0.955 OP3 OP3-M2 % 10 43.4 0.0250 1.085 
OP4-M1 Hour 8.7 0 0.0238 0.000 OP4 OP4-M2 % 8 23 0.0238 0.547 

OP5 OP5-M1 % 10 48.3 0.0493 2.381 

Operational (OP) 

OP6 OP6-M1 % 3 0 0.0468 0.000 
BE1-M1 % 25 78 0.0254 1.981 BE1 BE1-M2 % 50 65.2 0.0254 1.656 
BE2-M1 % 72 13.1 0.0253 0.331 BE2 BE2-M2 % 65 0 0.0253 0.000 
BE3-M1 % 12 40 0.0230 0.920 BE3 BE3-M2 % 8 27.1 0.0230 0.623 
BE4-M1 $ 21354 31 0.0210 0.651 
BE4-M2 $ 5650 7 0.0157 0.110 

Benefits (BE) 

BE4 
BE4-M3 % 30 46.2 0.0157 0.725 
TS1-M1 % 15 62.2 0.0185 1.151 TS1 TS1-M2 % 0 0 0.0185 0.000 

TS2 TS2-M1 No. 14 53.9 0.0353 1.903 
TS3 TS3-M1 % 69 0 0.0339 0.000 

TS4-M1 No. 0 100 0.0159 1.590 TS4 TS4-M2 Hour 18.2 14.1 0.0159 0.224 

Techology / 
System (TS) 

TS5 TS5-M1 % 62 27 0.0320 0.864 
SC1 SC1-M1 % 25 25 0.0431 1.078 
SC2 SC2-M1 % 14 56.2 0.0434 2.439 
SC3 SC3-M1 No. 1 25 0.0383 0.958 
SC4 SC4-M1 % 25 15.6 0.0319 0.498 

SC5-M1 % 68 22 0.0167 0.367 

Strategic 
Competitiveness 

(SC) 

SC5 SC5-M2 % 15 46.3 0.0167 0.773 
UO1-M1 % 3.1 26.6 0.0117 0.311 
UO1-M2 % 72 15.1 0.0088 0.133 UO1 
UO1-M3 % 5 0 0.0088 0.000 
UO2-M1 Hour 4 63 0.0158 0.995 UO2 UO2-M2 % 5.2 22 0.0158 0.348 
UO3-M1 % 82 13.7 0.0091 0.125 
UO3-M2 % 42 0 0.0122 0.000 UO3 
UO3-M3 No. 23 18.1 0.0091 0.165 

UO4 UO4-M1 % 77 36.2 0.0340 1.231 

User Orientation 
(UO) 

UO5 UO5-M1 % 82 68.2 0.0346 2.360 
 SUM 1.0000 31.641 
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10.5 Summary 

 

To evaluate IT-induced performance improvements in construction organisations, this chapter 

recommends the development and use of a tiered �Construct IT� BSC, which has specific 

performance indicators and measures relevant to each of the three decision-making tiers 

(project, business unit and enterprise). The proposed method has been demonstrated in a 

hypothetical (project tier) case study that evaluates the IT-induced performance improvement, 

due to the implementation of a web-based tool used to instantly share, visualise and 

communicate project information between project participants. The AHP procedure was 

adopted to evaluate the relative standing power or weighting of five perspectives, indicators and 

associated measures used. The example also demonstrated the development of utility functions 

for the performance measures, in consideration of the performance priorities of the organisation.  

Using the weighted performance measures and their associated utility functions, the overall IT-

induced performance improvement, due to the IT implementation, was calculated.  

 

The primary objective of this chapter is to provide a generic framework to assess the overall 

performance of IT investments at various decision-making tiers. The advantage of the proposed 

generic framework is that it can be tailored to reflect the goals and objectives of particular tiers 

of an organisation. For example, small and medium organisations, that have different 

organisational priorities to those of large organisations, are expected to focus more on short 

rather than long-term benefits. The challenge for these organisations is to select and/or create 

their own measures and indicators that reflect their own processes and priorities. It is my 

contention that IT performance can be measured across the proposed five perspectives, 

however, I strongly suggest that the framework should not be limited to the MAUT/AHP hybrid 

model, as detailed. Construction organisations seeking a more simplistic and perhaps non-

mathematical based performance evaluation system can still adopt the �Construct IT� BSC 

framework, but tailor the measurement and evaluation system to suit their individual 

organisational needs. 
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CHAPTER  11 
 
 
 

APPLICATION AND VALIDATION 
 

 

11.1 General Remarks 

 

This chapter is solely devoted to the application and validation of the three developed 

frameworks of the IT project lifecycle, namely: (1) IT project selection (Chapter 5); (2) 

strategic IT implementation and monitoring (Chapter 6); and (3) IT performance evaluation 

(Chapters 7-10). These frameworks are tools designed to assist construction organisations 

manage their IT investments over their entire lifecycle. The IT performance evaluation study is 

in the form of a project tier questionnaire survey of large Australian construction organisations. 

The research summary mentioned herein applies these frameworks in three separate studies with 

different multi-national construction organisations based in Australia. The studies illustrate the 

workings of these frameworks in a practical construction environment in an attempt to 

demonstrate their validity. The frameworks are presented in the order of the three phases of the 

IT project lifecycle, commencing with the IT project selection phase. 

 

11.2 IT Project Selection 

 

11.2.1 Case study organisation 

 

The development and construction organisation (ABC) was established in 1958 and is a Global 

Real Estate group comprising three primary businesses: Real Estate, Project Management and 

Construction, and Property Development. It is one of Australia's top 20 listed companies and 

operates in six continents with approximately 10,800 employees.  

 

ABC is also one of the world's leading companies in the project management and construction 

services industry. it has a rich history of service delivery over many decades, focusing on 

customer service and value creation. The organisation�s project experience covers a broad range 
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of industry sectors (retail, entertainment, industrial, pharmaceutical, IT & telecommunications, 

infrastructure, commercial, health care, microelectronics, government, residential, hospitality, 

education, cultural, sports and leisure). Large and small projects are undertaken for a client base 

that represents many of the world's leading brands. 

 

11.2.2 Case study overview 

 

ABC acknowledged that the Internet (as a communication medium) and the World Wide Web 

(as a publishing and interface tool) are most suitable for the global distribution of information 

using widely available commercial technology and industry standards. By using Internet 

technology it is possible for information, on any project, to be available at any time to project 

teams working anywhere around the world. In today�s industry a key area of opportunity is to 

ensure that projects can effectively communicate without being overrun by transaction costs. 

These costs are well recognised as tending to increase exponentially, especially as the number 

of participants on any project increase. To address this issue, participants need to be able to 

work in the project as if they were a large, single, virtual enterprise. Thus, web-based 

technologies are now able to provide this capability and similar technologies are proposed for 

this project.  

 

Research studies have shown that the principle causes of delays, disruptions, increased costs and 

poor workmanship are a direct result of problems with documents (NPWC, 1993). Many of 

these issues can be attributed to the fact that the majority of documents traditionally use paper as 

a substrate. Accordingly project documents need to be managed with an effective use of time 

and resources through the use of in-built mechanisms for easy review. Given the inherent 

problems associated with paper-based management systems, the majority of industry evidence 

points towards a case for adoption of computer-based document management systems.  

 

In order to facilitate the management of project information and address project communication 

requirements, ABC proposed to implement a Project Web Information Management Extranet 

(PWIME) and associated communication tools (video conferencing, web cameras etc) on their 

construction projects. This IT project proposal was aimed at maximising benefits and reducing 

costs for the entire project team.  

 

11.2.3 IT project proposal 

 

The Investment Review Committee (IRC) of ABC proposed a suite of secure, interactive 

Internet-based business tools for the centralised management of project information via a Web 
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browser. The proposed PWIME can be used to instantly share, visualise and communicate 

project information between any project participants, including staff, clients, consultants, 

subcontractors, suppliers and authorities. In addition to the PWIME, associated communication 

tools, such as video conferencing and web cameras, have been proposed to enhance 

communication between project participants. The proposed PWIME would have a series of 

modules that were used to manage various types of documents. The following modules were 

proposed for the PWIME: 

 

• Day File: to track and list all additions and modifications to the PWIME; 

• Help: to provide help and training support; 

• Project Administration: to administer and set up all projects, users, databases and security; 

• Project Directory: the listing of all team members, clients, consultants, subcontractors and 

authorities; 

• Project Information: the listing of key project details; 

• Site Search: to search across multiple projects and databases; 

• To Do: a personalised list of documents requiring a user�s specific attention; 

• Discussions: a threaded discussion list for discussing project issues; 

• Document Library: a location for the creation and storage of key project documents; 

• Drawing Register: to list and download all project drawings; 

• File Transfer: for exchanging temporary working files between project team members; 

• Image Library: to record a list of project images; 

• Project Calendar: to list key project dates and milestones; 

• Resource Library: to list relevant company documents and Internet Web sites; and 

• Transmittals: to create groups of documents to be issued to another project user. 

 

The IRC wanted the following document types to be managed by the PWIME as part of the 

document management system provided in the document library of the PWIME. 

 

• Documents Incoming: a project fax or scanner used to convert all incoming documents to 

Adobe Acrobat PDF; 

• Request for Information (RFI): a workflow proforma used to answer project queries; 

• Site Instruction (SI): a workflow proforma used to record project communication; 

• Memo: a workflow proforma used to record project communication; 

• Fax: a proforma for faxed communications; 

• Cost Report: documents lodged in a secure cabinet in the document library; 

• Legal Documents: documents lodged in a secure cabinet in the document library; 
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• Minutes and Agendas: documents lodged in a secure cabinet in the document library; 

• Monthly Reports: documents lodged in a secure cabinet in the document library; 

• PCG papers: documents lodged in a secure cabinet in the document library; 

• Presentations: documents lodged in a secure cabinet in the document library; and 

• Programs: documents lodged in a secure cabinet in the document library. 

 

Once the requirements of the IT project proposal was established by the IRC, they began to 

identify tangible and intangible costs and benefits, in accordance with the IT project selection 

method detailed in Chapter 5. 

 

11.2.4 Step 1: identify monetary and non-monetary factors 

 

(a) Identify monetary factors 

 

Recently, a number of attempts have been proposed to evaluate the costs associated with IT 

implementation (Marsh and Flanagan, 2000; Ordoobadi and Malvaney, 2001). These attempts 

differ in their approach, depending on the nature of the IT tool, organisation and strategy. For 

this reason, ABC has adopted the generic lifecycle costing approach. Following the lifecycle 

costing approach, detailed in Chapter 5, the IRC set out to firstly develop an IT project 

lifecycle matrix for the IT project proposal. Table 11.1 details seven identified activities and 

required resources (cost elements) for the implementation of the proposed PWIME and 

associated communication tools. 

 

Once the activities and resources have been identified, the costs associated with each activity 

and sub-activity can be defined by the IRC (Step 2 of the procedure). 

 

As detailed in Chapter 5, the ability to determine tangible savings, as a result of IT expenditure, 

can be difficult. For the PWIME proposed by ABC, two tangible benefits were identified for 

measurement by the IRC: (1) key overhead preliminary costs; and (2) cost savings from more 

efficient document handling using information management systems. These benefits (described 

below) could be easily linked back to a monetary saving to the organisation. 

 

(1) Reduction of identified overhead preliminary costs 

 

The IRC identified seven major cost areas where the proposed PWIME and associated 

communication tools could reduce overhead preliminary costs. These cost areas were: 
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Table 11.1 PWIME lifecycle cost matrix 

Activity 
 

Task Resources (cost elements) 

Problem definition Analysts, managers, processors, customers 
Work process evaluation Analysts, managers, processors, customers 
Processing requirements 
definition 

Analysts, managers, processors, customers 

Security planning Analysts, managers, processors, customers 
Develop IT performance 
measures 

Analysts, managers, processors, customers 

Project initiation 

IT project feasibility study Analysts, managers, processors, customers 
Develop system design Analysts, managers, processors System design Approve system design Analysts, managers, processors 
Develop and test programs 
and procedures 

Analysts, managers, processors, programmers, 
computers, software 

Develop transition plan Analysts, trainers, managers, processors System 
development Implement new system and 

procedures 
Analysts, trainers, managers, processors, 
programmers, computers, software 

System operation Operate new system Analysts, managers, processors, programmers, 
support, computers, software 

System 
maintenance 

Correct errors and make 
changes to the system 

Analysts, managers, processors, programmers, 
support, computers, software 

System 
evaluation 

Evaluate system performance 
compared to expectations 

Analysts, managers, processors, customers 

System 
management 

Oversee system Project managers, management 

 

• Plan printing: reduced numbers of prints through centralised management and user demand 

printing; 

• Paper supplies: reduction of overall paper consumption; 

• Photocopier/fax hire: reduction of hire charges, based on a reduced number of copies; 

• Couriers: reduction of physical exchange of documents. All exchange is via the PWIME; 

• Photography: elimination of traditional chemical based processing with the use of digital 

camera; 

• Interstate travel: reduction of travel requirements due to improved communication and 

video conferencing; and 

• Telephone/mobile: reduction of number of calls due to improved communication over the 

Internet/Web. 

 

(2) Improved efficiency in handling technical documents 

 

Research by Crotty (1995) indicates that approximately 1000 technical documents are produced 

for every $2 million worth of project costs. With the development and introduction of the 

PWIME, a wide range of documents can be automated and managed in a far more efficient and 

cost effective manner. If a conservative estimate of a 2-minute saving in time per document, 

over the project life of that document, is achieved through the use of improved methods of 

Lifecycle Management of IT Projects in Construction  



Chapter 11: Application and Validation   11-6 

creation and management, monetary savings can be realised over the lifecycle of the PWIME. 

Step 2 of the IT project selection methodology will define possible benefits for improved 

efficiency in handling technical documents. 
 

(b) Identify non-monetary factors 
 

ABC adopted twenty-four of the thirty proposed �value� and �risk� factors for the selection of IT 

project proposals (as detailed in Chapter 5). Identification of useful value and risk factors (sub-

criteria) was achieved through consensus among the personnel involved in the selection process. 

A depiction of this process, with highlighted answers for the PWIME proposal, can be seen in 

Tables 11.2 and 11.3 for value and risk, respectively. The perceived value and risk associated 

with the proposed PWIME is detailed in Step 2 of the procedure.  
 

11.2.5 Step 2: Define possibility distributions 

 

(a) Define cost possibility distributions 
 

The IRC set up a series of activity cost matrices for each stage of the IT project lifecycle 

(detailed in Table 11.1). The IRC defined appropriate possibility distributions for each cost 

category in dollar values. The possibility distributions were entered as one of the four forms 

noted in Chapter 5 (single, closed interval, triangular, trapezoidal). Table 11.4 presents an 

activity cost matrix for the project initiation stage of the PWIME lifecycle. 
 

Table 11.2 Identification and definition of value factors 

IT Project Value Analysis 
Identification and definition of value  factors 

Which of the following value factors are useful for consideration in this particular IT project 
investment? For these value adding features that you consider for the evaluation, please circle your 
perceived value added to the factor for this particular IT investment 

Sub-factor Useful for 
consideration? 

Perceived value added 

1. Profitability and growth Yes No None Low Moderate High Very High 
2. Shareholder value Yes No None Low Moderate High Very High 
3. Business value of IT project Yes No None Low Moderate High Very High 
4. Corporate strategy realised through IT Yes No None Low Moderate High Very High 
5. Organisational requirements Yes No None Low Moderate High Very High 
6. Organisational impacts Yes No None Low Moderate High Very High 
7. Market leadership Yes No None Low Moderate High Very High 
8. Business process re-engineering Yes No None Low Moderate High Very High 
9. Strategic value to business Yes No None Low Moderate High Very High 
10. Business opportunities Yes No None Low Moderate High Very High 
11. Technology integration Yes No None Low Moderate High Very High 
12. Efficiency improvement Yes No None Low Moderate High Very High 
13. Training and support Yes No None Low Moderate High Very High 
14. User satisfaction Yes No None Low Moderate High Very High 
15. Quality improvement Yes No None Low Moderate High Very High 
16. Information quality and improvement Yes No None Low Moderate High Very High 
17. Management specifications Yes No None Low Moderate High Very High 
18. Administrative specifications Yes No None Low Moderate High Very High 
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Table 11.3 Identification and definition of risk factors 

IT Project Risk Analysis 
Identification and definition of risk  factors 

Which of the following risk factors are useful for consideration in this particular IT project investment? 
For these risk factors that you consider for the evaluation, please circle your perceived level of risk 
associated with the factor for this particular IT investment 

Sub-factor Useful for 
consideration? 

Perceived risk level 

19. Lack of appropriate skills Yes No None Low Moderate High Prohibitive 
20. Lack of leadership Yes No None Low Moderate High Prohibitive 
21. Lack of resource commitment Yes No None Low Moderate High Prohibitive 
22. Implementation capability Yes No None Low Moderate High Prohibitive 
23. Goals and objectives uncertainty Yes No None Low Moderate High Prohibitive 
24. IT project deliverable�s Yes No None Low Moderate High Prohibitive 
25. IT project timeframe Yes No None Low Moderate High Prohibitive 
26. Innovative technology risk Yes No None Low Moderate High Prohibitive 
27. Technical support uncertainty Yes No None Low Moderate High Prohibitive 
28. Technology suitability uncertainty Yes No None Low Moderate High Prohibitive 
29. Management commitment Yes No None Low Moderate High Prohibitive 
30. Infrastructure requirements Yes No None Low Moderate High Prohibitive 

 

Table 11.4 Activity cost matrix for project initiation stage of PWIME lifecycle 

Activities  Cost 
Categories 
(000�s $) 

Problem 
definition 

Work process 
evaluation 

Requirements 
definition 

Security 
plan 

Performance 
measures 

Feasibility study 

Hardware 0 0 0 0 0 0 
Software 0 0 0 0 0 0 
Services 0 0 0 0 0 0 
Support      

services 
0 10  2,4,6 4,6,8 

 
4,5,7,12 5,7 

Supplies  0 1 0.5 0 0.5 0.3 
Personnel 15,20 3,5 11,13,14,16 3 2,5,7 10,12,14 
Consultant 

services 
0 0 0 0 0 0 

 
 

The IRC estimated the possibility distributions for each stage of the PWIME lifecycle. These 

defined cost distributions for each activity were related to a particular year of the PWIME 

lifecycle so that they could be discounted to present day costs. Based on previous experience 

and the company�s policy, it was decided to adopt a project life span of eight years. Completing 

this exercise for each activity, over each year of the PWIME lifecycle, enabled the creation of 

an annual cost matrix for the PWIME, as illustrated by Table 11.5. 
 

Table 11.5 Annual cost matrix for each stage of the PWIME lifecycle  

IT Project Stage Costs $ (000�s) 

Y
ea

r 

Project 
Initiation 

System 
Design 

System 
Development 

System Operation System 
Maintenance 

System 
Evaluation 

System 
Management 

0 71,83,95, 
108 

255,326,
405 

852,929,1003, 
1525 

- - - - 

1 - - - 1500,1730,2001,2525 500,720,900 120,150 128,142,175 
2 - - - 1500,1730,2001,2525 500,720,900 120,150 128,142,175 
3 - - - 1500,1730,2001,2525 500,720,900 120,150 128,142,175 
4 - - - 1500,1730,2001,2525 500,720,900 120,150 128,142,175 
5 - 150,250 - 1500,1730,2001,2525 500,720,900 120,150 128,142,175 
6 - 150,250 - 1500,1730,2001,2525 500,720,900 120,150 128,142,175 
7 - - - 1500,1730,2001,2525 500,720,900 120,150 128,142,175 
8 - - - 1500,1730,2001,2525 500,720,900 120,150 128,142,175 
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The net PWIME cost distribution was calculated by discounting values to a Net Present Value 

(NPV) (see Step 3). 

 

(b) Define benefit possibility distributions 

 

As detailed in Step 2, two primary tangible benefits were identified by the IRC: (1) Reduction 

of identified overhead preliminary costs, and (2) Improved efficiency in handling technical 

documents. The benefit possibility distributions for these two key areas are defined below. 

 

(1) Reduction of identified overhead preliminary costs 

 

The benefit possibility distributions for the seven identified overhead costs were obtained by the 

IRC. These benefit possibility distributions were obtained by multiplying the Business as Usual 

(BAU) cost by a cost savings possibility distribution (%), see Chapter 5 for a detailed 

description of this process. Table 11.6 presents the identified cost and potential savings that 

could be realised through implementing the proposed PWIME on construction projects 

undertaken by the organisation over a one-year period. A similar table was developed for each 

year of the PWIME lifecycle (Table 11.7).  

 

Table 11.6 Overhead cost savings possibility distribution (Year 1) 

Overhead costs 
(factors) 

Business As Usual 
(BAU) costs (000�s $) 

Cost savings 
possibility distribution 

(%) 

Cost savings 
possibility distribution  

(000�s $) 
Plan printing 704 0.1,0.2,0.3 70,141,211 
Paper supplies 124 0.05,0.1,0.2,0.6 6,12,25,74 
Photocopier/fax hire 245 0.2 49 
Couriers 286 0.4,0.65,0.9 114,186,257 
Photography 35 0.3,0.5,0.8 11,18,28 
Interstate travel 1050 0.1,0.2,0.5 105,210,525 
Telephone/mobile 1805 0.1,0.2,0.3,0.7 181,361,542,1264 

 

Table 11.7 Annual benefits matrix for proposed PWIME (overheads) 

Year Cost savings possibility distribution (000�s $) 
0 - 
1 536,977,1171,2408 
2 565,1027,1195,2408 
3 621,1045,1235,2408 
4 722,1112,1258,2408 
5 743,1157,1320,2408 
6 743,1157,1320,2408 
7 743,1157,1320,2408 
8 743,1157,1320,2408 
9 743,1157,1320,2408 

10 743,1157,1320,2408 
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The net IT project benefit distribution for the proposed PWIME was calculated by discounting 

values to a NPV (see Step 3). 

 

(2) Improved efficiency in handling technical documents 

 

As detailed in Step 2, a 2-minute saving in time for document management over its lifecycle 

was conservatively estimated by the IRC. Considering that the construction management 

division of ABC had a revenue of 6.5 Billion dollars for the 2000 financial year, the potential 

savings for ABC could be calculated using research by Crotty (1995) and detailed in Step 2, as:  
  

Total documents expected to be created = million25.3
000,000,2$

000,000,500,6$ =  

 

Applying the estimated 2-minute time saving for each document over its lifecycle, and an 

average charge out rate of $70/hr, the potential document management saving for the PWIME 

could be calculated as follows: 
 

Potential document management savings = million58.7$70
60
2000,250,3 =××  

 

This figure does not take into account the search time needed to retrieve the documents, to 

verify issues and other procedures. The $7.58 million is, therefore, a highly conservative figure 

of tangible benefits created through improved document management. ABC predicted, 

conservatively, that they would �most likely� implement the PWIME on 5% of the construction 

projects undertaken by their organisation in the first year, reaching 20% by the final year (year 

8) of the PWIME lifecycle (upper limit 50%). Table 11.8 presents the document management 

cost savings possibility distribution for the proposed PWIME and associated communication 

tools.  
 

Table 11.8 Annual benefits matrix for proposed PWIME (document management) 

Year PWIME utilisation  
possibility distribution 

Document cost saving 
(000�s $) 

Cost saving possibility 
distribution (000� $) 

0 - - - 
1 0,0.05,0.10 7,580 0,379,758 
2 0.01,0.07,0.12 7,580 76,531,910 
3 0.02,0.09,0.15 7,580 152,682,1137 
4 0.03,0.11,0.20 7,580 227,834,1516 
5 0.04,0.13,0.25 7,580 303,985,1895 
6 0.05,0.15,0.30 7,580 379,1137,2274 
7 0.06,0.17,0.40 7,580 455,1289,3032 
8 0.07,0.20,0.50 7,580 531,1516,3790 

Lifecycle Management of IT Projects in Construction  



Chapter 11: Application and Validation   11-10 

(c) Define value and risk possibility distributions 

 

Using the value and risk assessment scale detailed in Chapter 5, the IRC defined the value and 

risk possibility distributions for the proposed PWIME. Tables 11.9 and 11.10 detail the value 

and risk possibility distributions, respectively, for the proposed PWIME and associated 

communication tools. 

 

Table 11.9 Value factor possibility distributions for proposed PWIME  

Level 3 
Value Criteria  

Level 4 
 Value Sub-criteria 

Value  
Assessment 

Profitability and growth  Low Return on Investment (ROI)  Shareholder value  Low 
Strategic Match (SM)  Corporate strategy realised through IT     High 

Market leadership  High 
Business process re-engineering  Moderate 
Strategic value to business  Moderate 

Competitive Advantage (CA)  

Business opportunities  High 
Efficiency improvement  Moderate 
Training and support  Moderate 
User satisfaction  Moderate Strategic Architectural Alignment (SA)

Quality improvements  Very High 
Information quality and reliability Very High 
Management specifications Moderate Management Information (MI)  
Administration specifications Very High 

 
 
Table 11.10 Risk factor possibility distributions for proposed PWIME  

Level 3 
Risk Criteria  

Level 4 
 Risk Sub-criteria 

Risk  
Assessment 

Lack of appropriate skills Low 
Lack of leadership  High Organisation Risk (OR) 
Lack of resource commitment None 
Goals and objectives uncertainty  Moderate 
IT project deliverables Moderate Definitional Uncertainty Risk (DU)  
IT project timeframe Low 
Innovative technology risk None Technical Uncertainty Risk (TU) Technology suitability uncertainty None 
Management commitment Moderate Technological Infrastructure Risk (IR) Infrastructure requirements Moderate 

 
 
11.2.6 Step 3: Develop resultant aggregated possibility distribution 

 

(a) Develop aggregated monetary (tangible) possibility distribution 

 

Using the vertex method and the time value of money principle, each cost and benefit possibility 

distribution, on the PWIME lifecycle, was converted to a Net Present Value (NPV) possibility 

distribution (Chapter 5). However, in the case of the document management aggregated 
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possibility distribution, the time value of money principle was not applied since the benefits 

were defined in today�s value. Using the defined cost and benefit annual matrices, established in 

Step 2, Tables 11.5 and 11.7/11.8, respectively, the resultant aggregated possibility distribution 

for cost and benefit was calculated using the Vertex Method (Table 11.11). 
 

(b) Develop aggregated non-monetary (intangible) possibility distribution 
 

The IRC determined the relative importance of each �value� and �risk� factor using Expert 

Choice (2000) software employing AHP theory, as detailed in Chapter 5. Tables 11.12 and 

11.13 show the relative weighting, weighted possibility distribution and the aggregated non-

monetary possibility distribution for value and risk, respectively. An aggregated value 

possibility distribution of [4.1,6.1,6.3,7.9] was obtained for the PWIME by the summation of 

each value factor weighted possibility distribution using the Vertex Method. The same process 

was used to calculate the aggregated risk possibility distribution as [4.8,6.8,7.1,8.4].  

 

Table 11.11 Resultant aggregated monetary (tangible) possibility distribution 

Monetary Description Aggregated monetary 
possibility distribution ($ 1M) 

Cost (NPV) [-25.2,-19.1,-16.3,-14.3] 
Overhead benefit (NPV) [3.8,5.9,7.2,14.6] 
Document management benefit (NPV)  [2.1,7.4,15.3] 
Resultant monetary possibility distribution [-19.3,-5.8,-1.7,15.6] 

 

Table 11.12 Aggregated �value� possibility distribution for PWIME 

PWIME Value Assessment Level 3 
Value Criteria  

Level 4 
 Value Sub-criteria (IT factors) Value 

Assessment
Possibility 

Distribution 
Weighted Possibility 

Distribution 
Total Return on Investment (ROI) (L3: 0.115)    

Profitability and growth (L4: 0.315) Low 1,3,5 0.036,0.109,0.181 Return on Investment 
(ROI)  
 

Shareholder value (L4:0.685) Low 1,3,5 0.07,0.236,0.394 

Total Strategic Match (SM) (L3: 0.09)    
Strategic Match (SM)  
 

Corporate strategy realised through IT (L4: 1.0)    High 5,7,9 0.45,0.63,0.81 

Total Competitive Advantage (CA) (L3: 0.386)    
Market leadership (L4: 0.25) High 5,7,9 0.483,0.676,0.869 
Business process re-engineering (L4: 0.25) Moderate 3,5,7 0.290,0.483,0.676 
Strategic value to business (L4: 0.25) Moderate 3,5,7 0.290,0.483,0.676 

Competitive Advantage 
(CA)  
 

Business opportunities (L4: 0.25) High 5,7,9 0.483,0.676,0.569 
Total Strategic Architectural Alignment (SA) (L3: 0.196)    

Efficiency improvement (L4: 0.269) Moderate 3,5,7 0.158,0.264,0.369 
Training and support (L4: 0.216) Moderate 3,5,7 0.127,0.212,0.296 
User satisfaction (L4: 0.427) Moderate 3,5,7 0.251,0.418,0.586 

Strategic Architectural 
Alignment (SA) 

Quality improvements (L4: 0.088) Very High 7,9,10,10 0.121,0.155,0.172,0.17
2 

Total Management Information  (MI) (L3: 0.213)    
Information quality and reliability (L4: 0.623) Very High 7,9,10,10 0.929,0.194,1.327,1.32

7 
Management specifications (L4: 0.235) Moderate 3,5,7 0.150,0.250,0.350 

Management Information  
(MI)  
 Administration specifications (L4: 0.142) Very High 7,9,10,10 0.212,0.272,0.302, 

0.302 
Aggregated Value Possibility Distribution (Using Vertex Method) [4.1,6.1,6.3,7.9] 
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Table 11.13 Aggregated �risk� possibility distribution for PWIME 

PWIME Risk Assessment Level 3 
Risk Criteria  

Level 4 
 Risk Sub-criteria (IT factors) Risk 

Assessment
Possibility 

Distribution 
Weighted Possibility 

Distribution 
Organisational Risk (OR) (L3: 0.386)    

Lack of appropriate skills (L4: 0.50) Low 5,7,9 0.965,1.351,1.737 
Lack of leadership (L4: 0.25) High 1,3,5 0.097,0.290,0.483 Organisational Risk (OR)  

 
Lack of resource commitment  (L4: 0.25) None 7,9,10,10 0.676,0.869,0.965 

Definitional Uncertainty Risk (DU) (L3: 0.205)    
Goals and objectives uncertainty (L4: 0.216)     Moderate 3,5,7 0.133,0.221,0.310 
IT project deliverable�s  (L4: 0.453) Moderate 3,5,7 0.279,0.464,0.650 Definitional Uncertainty 

Risk (DU)  
IT project timeframe (L4: 0.331) Low 5,7,9 0.339,0.475,0.611 

Technical Uncertainty Risk (TU) (L3: 0.273)    
Innovative technology risk (L4: 0.644) None 7,9,10,10 1.231,1.582,1.758 Technical Uncertainty Risk 

(TU)  
 

Technical support uncertainty (L4: 0.356) None 7,9,10,10 0.68,0.875,0.972,0.972

Technical infrastructure Risk (IR) (L3: 0.126)    
Management commitment (L4: 0.75) Moderate 3,5,7 0.284,0.473,0.662 Technology infrastructure 

Risk (IR)  Infrastructure requirements (L4: 0.25) Moderate 3,5,7 0.095,0.158,0.221 
Aggregated Value Possibility Distribution (Using Vertex Method) [4.8,6.8,7.1,8.4] 

 

 

ABC considered their organisation as having a risk neutral culture and, therefore, adopted a 0.5 

(50%) weighting for risk factors. The combined non-monetary possibility (value and risk) was 

calculated as 0.5[4.1,6.1,6.3,7.9] + 0.5[4.8,6.8,7.1,8.4] = [4.5,6.5,6.7,8.2], using the Averaging 

Method. The resultant aggregated non-monetary possibility distribution was combined with the 

resultant aggregated monetary possibility distribution in the next step. 

 

11.2.7 Step 4: Combine resultant aggregated possibility distribution 

 

The purpose of the proposed IT project selection framework was to provide the construction 

organisation with a tool to allocate funding to the most advantageous IT project proposals, 

considering the entire spectrum of tangible and intangible factors. Prior to the combination of 

resultant aggregated monetary and non-monetary possibility distributions, a hypothetical IT 

project, that offered similar functions to the PWIME, but with different costs and benefits, was 

introduced, i.e. Project Management Information System (PMIS). The two IT proposals and 

their resultant aggregated possibility distributions are detailed in Table 11.14.   

 

 

Table 11.14 IT project proposals being reviewed by ABC 

IT Project Description Resultant Aggregated 
Monetary Possibility 
Distribution ($ 1M) 

Resultant Aggregated 
Non-monetary Possibility 
Distribution (Scale 0-10) 

PWIME: a project web information 
management extranet, video 
conferencing and web cameras 

[-19.3,-5.8,-1.7,15.6] [4.5,6.5,6.7,8.2] 

PMIS: Project management information 
system 

[-5.1,-1.6,1.2,2.4] [3.5,4.2,4.4,5.3] 
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The resultant aggregated monetary possibility distributions needed to be converted into their 

normalised form to enable their combination with the non-monetary values (Chapter 5). From 

Table 10.14, the minimum (-19.3) and maximum (15.6) values, from the PWIME and PMIS 

monetary distributions, were set as zero and ten, respectively. The intermediate monetary values 

were assigned normalised values between this range. Thus the normalised monetary 

distributions for the PWIME and the PMIS were created as [0,3.9,5.0,10] and [4.1,5.1,5.9,6.2], 

respectively. As ABC considered their focus to be strategic, they adopted slightly higher 

weighting for the non-monetary possibility distribution (i.e. 0.6:0.4). The resultant combined 

possibility distribution for the PWIME and the PMIS were calculated using the Averaging 

Method as [2.7,5.4,6.0,8.9] and [3.7,4.5,5.0,5.7], respectively. The final step of the procedure 

was to rank the IT project proposals using the Ranking Index Method. 

 

11.2.8 Step 5: Rank IT project proposals 

 

The Ranking Index Method was used to rank the PWIME and PMIS project proposals 

considered by ABC (Chapter 5). Table 11.15 presents the resultant possibility distribution for 

the two IT project proposals and their ranking.  

 

Table 11.15 Ranking of PWIME and PMIS project proposals 

Project (j) Resultant possibility 
distribution 

RAj LAj Kj Rank 

PWIME [2.7,5.4,6.0,8.9] 1.55 2.05 0.536 1 
PMIS [3.7,4.5,5.0,5.7] 3.65 2.10 0.389 2 

 
 

From Table 11.15, KPWIME has the highest value and dominates the resultant possibility 

distribution for the PMIS. Therefore, the PWIME has the highest ranking applying the proposed 

IT project selection framework. This ranking can assist the IRC of ABC to make their final 

decision about which IT project(s) to select for funding.  

 

11.2.9  Selection of IT portfolio  

 

The proposed IT selection framework and method is aimed at providing construction 

organisations with a tool to assist them select the most advantageous IT investments for their 

organisations. The framework considers tangible costs and benefits and intangible value and 

risk factors over the entire lifecycle of the IT project proposal. The ABC case study 

demonstrated the selection of an IT project proposal in an organisation heavily exposed to the 
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construction industry. ABC has since implemented the proposed PWIME with much success on 

construction projects worldwide. 

 

11.3 Strategic IT Implementation and Monitoring 

 

11.3.1 Case study description 

 

XYZ is one of Australia�s leading providers of power, transport, defence and 

telecommunications infrastructure, with an annual turnover in excess of A$1.7 billion. The 

organisation was awarded the A$20 million contract to supply and construct an 1800 mobile 

phone network in the region stretching from the city of the Gold Coast to Brisbane, in 

Queensland, Australia. This contract involved the site acquisition, design, supply and building 

of approximately 120 antenna sites throughout this region. The numerous sites being managed 

necessitated a better information management system to handle the large quantity of text and 

visual information associated with each site location. To facilitate a more effective management 

of the project information and to address project communication requirements, the 

telecommunications division of XYZ proposed to implement a Project Management Information 

System (PMIS) on this project. The proposed PMIS was used to instantly share, visualise and 

communicate project information amongst project participants, including staff, clients, 

consultants, subcontractors, suppliers and authorities. The case study organisation adopted the 

proposed strategic IT implementation and monitoring framework to facilitate the 

implementation of the PMIS.  

 

XYZ established an IT Review Committee (RC), consisting of seven members: (1) project 

manager; (2) civil engineer; (3) structural engineer; (4) electrical engineer; (5) finance manager; 

(6) planning manager; and (7) IT professional. A diverse cross-functional team was established 

to ensure that all the strategic SWOT factors associated with the PMIS would be addressed prior 

to implementation. The six-step strategic IT implementation and monitoring framework is 

detailed in Chapter 6 (see Figure 6.10, Stewart et al., 2002). 

 

11.3.2 Step 1: SWOT factors 

 

The first meeting was convened to address the strategic factors associated with the proposed 

PMIS. Firstly, the group collated a list of relevant external opportunity and threat factors. They 

considered both the macroscopic level of the construction industry and the microscopic level of 

the construction projects. Secondly, the group examined the organisation�s internal strengths 

and weaknesses, which could have enhanced or hindered the efficient and effective 
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implementation of the proposed PMIS. A total of 28 strategic factors were collated and grouped 

into four categories: strengths, weaknesses, opportunities and threats (Table 11.16). 

 

Table 11.16  Priorities and comparisons of the SWOT groups and factors  
SW

O
T

 
G

ro
up

 Group 
Priority 

SWOT Factors Factor 
priority 
within 
the 
group 

Overall 
factor 
priority  

St
re

ng
th

s 

0.072 1. Skilled/experienced staff, workforce 
  
2. Market leader in the provision of operations and maintenance and 

facilities management services  
 
3. Top project managers with high commitment to innovative IT 
 
4. High value of projects, increases IT budgets 
  
5. Extensive IT support 
   
6. Diversified company 
 
7. Strong business development team    

0.102 
 

0.171 
 
 

0.064 
 

0.156 
 

0.109 
 

0.176 
 

0.222 
 

0.007 
 

0.012 
 
 

0.005 
 

0.011 
 

0.008 
 

0.013 
 

0.016 
 

W
ea

kn
es

se
s 

0.130 8. User resistance to change 
  
9. IT staff turnover: quality staff being poached by other companies 
 
10. External contractors having low IT capability 
 
11. Changing technologies requiring staff to be retrained  
 
12. Short construction timeframes preventing PMIS training 
 
13. Poor relationship between divisions of organisation 
 
14. Lack of corporate management direction/orientation 
 

0.176 
 

0.105 
 

0.148 
 

0.124 
 

0.355 
 

0.050 
 

0.042 
 

0.023 
 

0.014 
 

0.019 
 

0.016 
 

0.046 
 

0.007 
 

0.006 

O
pp

or
tu

ni
tie

s 

0.493 15. Facilitates international strategic alliances  
  
16. International access to project information 
 
17. Improved communication and coordination between project 

participants/divisions/managers  
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11.3.3 Step 2: SWOT analysis 

 

In the subsequent meeting of the RC, the list of SWOT factors was analysed using the 

developed hybrid SWOT/AHP technique mentioned previously to establish the priority of each 

factor. The priorities of the factors included in the SWOT analysis were estimated by pairwise 

comparisons (Table 11.16). These comparisons were undertaken by the RC using the ratio scale 

1,3,5,7 and 9, developed by Saaty (1990). The computation of eigenvalues was achieved using 

Expert Choice (2000) AHP software to derive the relative and global (overall) priorities of the 

factors. The highlighted 10 factors in Table 11.16 represent those with the highest priorities and 

they constitute about 75% of the total priority of all 28 factors. 

 

An overview of the whole situation can be easily observed by referring to Figure 11.1, where 

the cumulative overall factors are plotted in the different quadrants. Figure 11.1 demonstrates 

that the positive factors predominated (seven out of ten of the highest overall priorities 

represented opportunities; at present there are only three specific threats or weaknesses that 

could be detrimental to the new strategy). These dominant factors can be identified to form the 

basis for the formulation of the PMIS diffusion strategy. 

 

11.3.4 Step 3: IT diffusion strategy �story telling� 

 

The next task of the RC was to develop a diffusion strategy that would elaborate on the 

significant SWOT factors detailed previously. The diffusion strategy describes how the 

proposed project will benefit the organisation; how organisational assets and processes will be 

affected by the new PMIS; and what changes will be necessary to take full advantage of the 

PMIS capabilities. The ten well-documented predictors for strategic IT implementation detailed 

in Chapter 6 were addressed when analysing the benefits, processes and changes required. This 

was in order to facilitate IT implementation and to encourage the uptake of IT by departments 

and staff within the organisation. Firstly, the perceived benefits to the organisation derived from 

the PMIS were identified against predictors, such as: 1) relevance to the organisation; 2) project 

environment; and 3) user utility. These benefits are listed below:  

 

• Reduced travel to the 120 sites to gather information. This would be achieved by the PMIS 

storing electronic copies of site information, i.e. digital photographs, site visit reports, 

surveys etc; 

• Electronic storage of site information would reduce data re-entry, administrative costs and 

would provide a more efficient document control and reporting system; 
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• All employees would have access to e-mail, Intranet and Internet. This access would be 

available to site office staff using fixed personal computers and field staff using remote 

laptops and mobile phone networking.  

• Utilisation of traditional communication tools, such as fax, telephone, courier, mail etc. 

would be reduced, leading to lower project overheads; 

• Client satisfaction would be more likely to increase due to faster reporting processes, easier 

access to information and instantaneous document/drawing transmittal; and  

• Knowledge gained on this project would not be lost through archiving of paper-based files 

at project completion. The PMIS could be easily accessed at a later date to gather project 

information to combat conflict, bid for new projects and learn from the past. 
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Figure 11.1 Graphical representations of the results of pairwise comparisons of SWOT 
groups and factors (Stewart et al., 2002) 
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Secondly, organisational assets and processes that would be affected by the new PMIS were 

identified in order to: 1) assign responsibilities; 2) increase user involvement; and 3) better 

utilise available resources, as follows: 
 

• Improved field environment through the provision of remote networked access to the PMIS; 

• Digital cameras and palm top computers supplied to field staff gathering site information;  

• Reduced reliance on paper-based information to ensure maximum utilisation of PMIS; 

• Re-engineering of project tasks to suit PMIS requirements. For example, design consultants 

would be able to access the PMIS to gather design information and all design calculations 

are scanned and stored on the PMIS; 

• Field staff would be responsible for the storage and retrieval of all project information via 

the PMIS; and 

• Progress claims would be e-mailed directly to the client to aid quick approval. 
 

Lastly, the required changes to take full advantage of the PMIS were highlighted with the view 

to ensure: 1) management support; 2) minimal resistance; and 3) maximum user understanding 

of the PMIS functional and technical features. These are as follows: 
 

• Awareness sessions to familiarise project staff with the PMIS and its benefits in an attempt 

to reduce resistance from the potential users; 

• The project team would be given specific tasks and responsibilities to eliminate multiple 

data entry; 

• A full-time IT professional would be dedicated to this contract to manage IT hardware and 

software;  

• The project�s management hierarchy would need to be refined to reflect the re-engineered 

communication and reporting processes; and 

• A dedicated IT training program would ensure maximum utilisation of the PMIS. Users 

would need to be familiar with all PMIS modules, remote networking and word processing 

packages prior to project commencement. 
 

The above mentioned diffusion strategy was instrumental in mitigating the effects of the 

perceived threats to the successful PMIS implementation, particularly the significant threat of 

financial losses if the PMIS was mismanaged. 
 

11.3.5 Step 4: Operational strategy 

 

The diffusion strategy was then codified in terms that were sufficiently clear to render them 

formally operational. The diffusion strategy was analysed in terms of functions (business 
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systems), hierarchies and responsibilities (organisational structure), as well as in terms of the 

technical architecture required for the building of the PMIS and it�s associated tools. The RC 

determined that the best way to detail the operational strategy was to align the construction 

project implementation strategy with the PMIS implementation strategy (Figure 11.2). The four 

components of the construction project implementation strategy include: (1) project conception; 

(2) planning; (3) design; and (4) construction and commissioning. Assigned to each of these 

components was an operational strategy for the PMIS which detailed the required business 

functions, hierarchies and technical architecture mentioned previously (Figure 11.2). 

 

11.3.6 Step 5: Implementation strategy �action plans� 

 

In a subsequent meeting, the RC developed action plans for each function or element of the 

operational strategy. After defining the implementation requirements, the RC began to elaborate 

on the objectives, timing, cost, resources and coordination dimensions of these functions. The 

action plan for the first function is detailed in Figure 11.2 (see highlighted function) labelled 

�installation and networking of PMIS� is shown in Table 11.17. Similarly, an action plan for 

other functions, detailed in the operational strategy, were developed by the RC.  

 

Table 11.17 Action plan for �installation and networking of PMIS� (Stewart et al., 2002) 

(1) Action Element: Installation and networking of PMIS 
• Installation of PMIS on 25 office-based computers, 10 laptops and 5 external 

computers (consultant, client) 
• Networking of all machines in the main office 
• Remote network setup for laptops using remote connection 
• Setup password for external access to PMIS (consultant, client etc). Restrict access to 

certain areas 
(2) Time Dimension:  

• This activity should be included in the �site establishment� activity of the construction 
program 

• Estimated activity period is 40 hours (installation and networking) 
(3) Cost Dimension:  

• The IT professional dedicated to the project will be responsible for the installation of 
the PMIS 

• The PMIS has been developed internally by the organisation and has no direct cost to 
the project 

• Budget allocated for IT contractor to assist IT professional (16 hours @ $120/hr) 
(4) Human Resources: 

• The IT professional dedicated to the project is allocated to this task 
• An external IT contractor may be employed if necessary to complete the task on time 

(5) IT Management and Coordination Structure: 
• The project manager is responsible for organising the activity (time and cost) 
• The IT professional is responsible for undertaking the activity in the specified time 

period 
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Functions Responsibilities Technical Architecture
•  Installation and

networking of PMIS
•  PMIS awareness

sessions
•  PMIS training

programs
•  Re-engineering of

project tasks to suit
PMIS requirements

•  IT professional:
awareness and
training sessions

•  Finance manager: IT
budget

•  Project manager:
timeframe for PMIS
training

•  Provision of IT/IS
applications and tools to
relevant project participants

•  Fixed and remote
networking of project
participants

•  Establish PMIS modules
and site files

Functions Responsibilities Technical Architecture
•  Site personnel collate

digital info on each
site and download to
PMIS

•  Negotiation process
for appropriate site
utilising electronic
transfer of info to
relevant parties

•  Paper-based info
scanned and copied
into relevant PMIS site
folder

•  Digital photographs of
sites

•  Site engineer: ensure
site info. captured
electronically

•  Admin manager:
scanning of paper-
based info and
transfer to PMIS

•  Ensure reliable remote
networking to field staff
collating information

•  Efficient download
capabilities for captured
site information

Functions Responsibilities Technical Architecture
•  Design consultant

networked to PMIS to
access site info.

•  Design calculations
scanned and filed on
the PMIS

•  Design drawings in
CAD and stored on
PMIS

•  Design schedule
detailed in PMIS

•  Design engineer:
scanning and storing
of design and
drawing

•  IT professional:
network access
between consultant
and contractor

•  Network password for
design consultant to access
PMIS

•  Scanning equipment for
design consultant

Functions Responsibilities Technical Architecture
•  All construction

related info stored
electronically on
PMIS

•  Construction cost info
imputed into PMIS

•  Digital photographs
detailing construction
progression

•  IT/IS support for
remote site teams

•  Training sessions for
site teams

•  E-mail progress claims
to client

•  Project manager:
scheduling training
sessions for site
teams

•  IT professional:
provide technical
support for remote
construction team

•  Foreman: ensure
project info is stored
electronically on
PMIS

•  Construction info
accessible on site through
remote networking

•  Laptop computers, digital
cameras and palm top
computers for construction
team

Figure 11.2 Operational strategy for proposed PMIS (Stewart et al., 2002) 

 

In addition to well-documented action plans, the RC developed coping strategies for envisaged 

risk factors in an attempt to reduce the process and outcome gap. The RC identified a number of 

risk factors that could be detrimental to the efficient and effective implementation of the PMIS 

(Table 11.18). The developed action plans and the mitigation of risk factors through coping 

strategies helped to ensure that the realised processes and outcomes were those intended. 
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Table 11.18 Risk factors and coping strategies: PMIS project (Stewart et al., 2002) 

Risk factor Process gap Outcome gap Coping strategies 
Possible 
financial 
losses if 
PMIS is 
mismanaged 

Poor 
management of 
PMIS on project 

• Management decides not 
to use PMIS on future 
projects 

• Increased project 
overhead costs 

• Resort to traditional 
document management 
procedures 

• Dedicated IT professionals 
on project 

• Heighten status of IT 
professional 

• Development of an extensive 
PMIS implementation 
strategy at project conception 

PMIS 
budget 
blow-out on 
project 

Poor 
management of 
IT budget on the 
project 

• Management decides not 
to use PMIS on future 
projects 

• Increased project 
overhead costs 

• Negative sentiment 
towards technology by 
management 

• Improved financial 
management of IT budget 

• Development of an extensive 
IT budget at project 
conception 

 

Short 
construction 
timeframes 
preventing 
PMIS 
training 

Project 
managers 
ignoring IT 
training 
commitments to 
focus on short 
term project 
issues 

• Lost opportunities for re-
engineering tasks 

• Poor utilisation of 
proposed PMIS 

• Resort to traditional 
document management 
procedures 

• Dedicated IT professionals 
on project 

• Heighten status of IT 
professional 

• Development of an extensive 
PMIS implementation 
strategy at project conception 

• Integrated IT training 
program with construction 
program 

User 
resistance to 
PMIS 

PMIS 
implementation 
strategy resisted 
by project 
participants  

• Lost opportunities for re-
engineering tasks 

• Poor utilisation of 
proposed PMIS 

• Resort to traditional 
document management 
procedures 

• Awareness sessions for 
project participants 

• Extensive IT training 
programs for users 

• Accessible IT support to 
users 

• Dedicated IT professionals 
on project 

Lack of 
resource to 
implement 
PMIS 

Limited 
resources or 
resources do not 
have skills for 
implementation 

• Lost opportunities for re-
engineering tasks 

• Poor utilisation of 
proposed PMIS 

• Resort to traditional 
document management 
procedures 

• Heighten status of IT 
professional 

• Dedicated IT professionals 
on project  

• IT contract staff to fill gaps 
where necessary 

 

11.3.7 Step 6: Monitoring plan 

 

Finally, the RC decided to implement a performance-monitoring plan to continually evaluate the 

implementation and usage of the PMIS. A limited number of IT performance indicators and 

associated measures were selected to serve this purpose, see Table 11.19 for a selection of these 

indicators. Measurement collection tools were also developed for each measure developed by 

the RC. Data collection has been undertaken continually throughout the construction period and 
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was summarised at the end of the project. The majority of indicators and measures proved that 

the plan had no major deficiencies. However, it has been noted that the PMIS did not provide 

any significant reduction in the project�s overhead costs, compared to �business as usual�. The 

author contends that this is a lagging indicator, where significant savings in project overhead 

costs, will only be realised after the PMIS has been utilised on future construction projects. 

Since this was the first project using the PMIS, the implementation results obtained on this 

project would serve as a benchmark to evaluate any further IT-induced performance 

improvement on future projects. As a final note, the six-step IT implementation and monitoring 

strategy, detailed herein, should not be considered fixed. Organisations are expected to adopt the 

general layout of the framework but structure individual components to suit their unique 

organisational requirements. 

 

Table 11.19 PMIS monitoring strategy (Stewart et al., 2002) 

Performance 
indicator 

Performance measure Measurement tool Implementation 
result 

1. Reduced project 
overhead costs 

• % reduction in project 
overhead costs 

• Review and 
comparison of 
cost records  

Marginally 
supported 

2. More effective 
site supervision 

• % reduction in 
unnecessary site visits 
required on project 

• Review of site 
records/visits  

Supported 

3. PMIS training 
and support 

• % of users satisfied 
with level of training 
and support 

• Survey of 
PMIS users 

Supported 

4. Reliability of 
PMIS 

• No. of user 
complaints with PMIS 

• Review of 
records and 
documents 

Supported 

 
11.3.8 Case study summary 

 

The proposed strategic IT implementation framework suggested herein serves to accelerate the 

rate at which changes in people, tasks and organisational structure will take place. In so doing, 

the gap between the rates at which the technology and the other three components change will 

be reduced or eliminated. The case study with a multi-national construction organisation (XYZ) 

reports on the application of the proposed strategic IT implementation framework to facilitate 

the implementation of a PMIS for the project management of telecommunications infrastructure 

in south east Queensland, Australia. The project manager from XYZ stated that �the procedure 

ensured a smoother implementation of the project management information system on the 

project. We would definitely consider this approach again.� Instilling a strategic IT 

implementation culture in the construction industry, through marketing the benefits of the 

proposed approach, is essential for its widespread adoption. The author proposes further case 
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studies, and eventually, the quantification of the benefits to adopting the proposed strategic 

approach be compared to traditional approaches adopted by the industry. 

 

11.4 IT Performance Evaluation 

 

11.4.1 Validation study overview 

 

The long-term survival of construction organisations is dependent upon meeting market needs 

through a long-term value creation process. Traditional performance measurement techniques 

have been criticised as being too narrowly focused on financial figures and functional level 

performance, such that they fail to capture long-term business success.  In contrast, the proposed 

�Construct IT� BSC calls on project managers to make a commitment to introduce an array of IT 

performance indicators and associated measures. The �Construct IT� BSC, in turn, serves to 

guide organisations into greater profitability through utilising innovative IT in conjunction with 

a dedicated IT training and support program. Using information collated from 82 construction 

project professionals, representing large construction contractors and project management 

organisations, located within Australia, the results from the survey provide support for the 

�Construct IT� BSC. Specifically, the results from the study show that organisations that have a 

high level of satisfaction, with indicators in the technology/system and user orientation 

perspectives (i.e. non-financial perspectives), also experience significant improvements in the 

operational, strategic competitiveness and benefits perspectives (i.e. operational/growth/ 

financial perspectives). Chapters 7 through to 10 describe the development and application of 

the �Construct IT� BSC. The validation survey detailed herein seeks to validate the 

interrelationships of the perspectives by a subjective evaluation of the 25 IT performance 

indicators established in previous chapters. 

 

11.4.2 �Construct IT� BSC framework 

 

Consistent with the latest developments in the performance measurement literature, such as 

those advocated by proponents of the BSC, I contend that organisations that implement 

appropriate and reliable IT to re-engineer traditional processes, in conjunction with the 

necessary training and support, should achieve better performance outcomes in the operational 

perspective. In turn, these should lead to improved performance in the strategic competitiveness 

perspective. All such efforts should also lead to improved performance in the benefits 

perspective. 
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Accordingly, Figure 11.3 presents the conceptual interrelationship between the �Construct IT� 

BSC perspectives, keeping in mind that this is a project-focused scorecard. It should also be 

noted, that the objective of the study was not to model the cause-and-effect between indicators 

and perspectives. That task is beyond the scope of this study, since it would require the testing 

of causal relationships of leading and lagging indicators, over a period of at least three to five 

years. Such an in-depth case study would require the utilisation of modelling techniques, such as 

structural equation modelling. Indeed I propose this type of study for future research. However, 

this study does provide a good foundation for building such a model. The focus of this study 

was to test whether interrelationships between the five perspectives exist and whether they are 

statistically significant. The following ten hypotheses have been developed to test the degree of 

interrelationship between the five perspectives: 

 

 

• H1: There is a strong and significant relationship between the technology/system 

perspective and the user orientation perspective. 

• H2: There is a strong and significant relationship between the technology/system 

perspective and the operational perspective. 

• H3: There is a strong and significant relationship between the technology/system 

perspective and the strategic competitiveness perspective. 

• H4: There is a strong and significant relationship between the technology/system 

perspective and the benefits perspective. 

• H5: There is a strong and significant relationship between the user orientation perspective 

and the operational perspective. 

• H6: There is a strong and significant relationship between the user orientation perspective 

and the strategic competitiveness perspective. 

• H7: There is a strong and significant relationship between the user orientation perspective 

and the benefits perspective. 

• H8: There is a strong and significant relationship between the operational perspective and 

the strategic competitiveness perspective. 

• H9: There is a strong and significant relationship between the operational perspective and 

the benefits perspective. 

• H10: There is a strong and significant relationship between the strategic competitiveness 

perspective and the benefits perspective. 
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Figure 11.3 �Construct IT� BSC theoretical framework 

 

11.4.3 Research method 

 

The research method used for this case study extends on that detailed in Chapter 9. The 

validation questionnaire survey was formulated using the 25 refined IT performance indicators, 

established through statistical analysis, in the first questionnaire (see Chapter 9 and Appendix 

E). The questionnaire asked respondents to subjectively evaluate their overall level of 

satisfaction with various aspects of their IT and their perception as to the IT-induced 

performance improvement or detriment derived from their IT portfolio. 

 

For the operational, benefits and strategic competitiveness perspectives, the questionnaire asked 

the respondents to rate the extent to which IT has helped a particular indicator, compared to 

Business As Usual (BAU) practices, on a five-point Likert scale, ranging from (1) significant 

detriment, (2) some detriment, (3) no change, (4) some improvement, and (5) significant 

improvement. For the technology/system and user orientation perspectives, the questionnaire 

asked respondents to rate their overall level of satisfaction with a particular indicator, in the 

context of project information management, on a five-point Likert scale ranging from (1) very 

low, (2) low, (3) adequate, (4) high, and (5) very high.  
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Once the questionnaire was designed and developed, it was sent to respondents from the first 

questionnaire who provided personal details (i.e. name, company, address). Ninety-three (93) of 

the original one-hundred and eight (108) respondents of the first questionnaire were sent the IT 

performance evaluation questionnaire (Appendix E). This questionnaire was kept to one page 

and coded for each respondent. Additionally, reply-paid envelopes and a small incentive (lottery 

ticket) was included with the survey. Eighty-two (82) positive and complete returns were 

received, representing an average response rate of 88%. This was well above the acceptable 

return rates of other construction management surveys as reported by Fellows and Liu, 1997. 

This was primarily due to the simplicity of the survey (i.e. less than five minutes to complete), 

the incentive provided, and possibly because the respondents of the previous questionnaire 

could have felt involved in the research project and so have been inclined to participate further 

in the research. 

 

As detailed in the previous section, the case study aimed to examine whether the 

interrelationship of the �Construct IT� BSC perspectives was supported. The collected survey 

data was used as input for SPSS V.10 and the hypotheses tested through statistical analysis. The 

data analysis procedure is summarised in Figure 11.4 and detailed in the following section.  

 

�Construct IT� BSC framework
� Utilise framework layout and 25 IT performance indicators from Chapter 9

� Develop IT performance evaluation questionnaire
� Formulate hypotheses

Data analysis: Correlations
� Calculate correlation coefficients between indicators

� Flag significant correlations (2-tailed ** p ≤ 0.01 and * p ≤ 0.05)
� Summarise significant correlations (Appendix F)

Results summary
� Are the results supported and why?

� Discussion on correlations and interrelationship of perspectives and
indicators

Data analysis: Compare means
� Compare means for five perspectives

� Independent sample t-tests for interrelationship between perspectives,
where **** p ≤ 0.001, *** p ≤ 0.01, ** p ≤ 0.05, and * p ≤ 0.10

� Summarise results and test hypothesis  (i.e. supported, marginally
supported, not supported, see Appendix F)

Conclusion 1
Significant

interrelationships

Validate �Construct IT� BSC framework Conclusion 2
Framework justified

 

Figure 11.4 Data analysis procedure 
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11.4.4 Data analysis and results 

 

The questionnaire asked respondents to rate each indicator using two different five point scales, 

explained previously. The mean value and standard deviation for the twenty-five (25) refined 

indicators is presented in Table 11.20. The mean values range from 2.89, for indicator UO1: the 

level and frequency of training provided, to 4.15, for indicator OP3: coordination and 

communication. The mean value for all indicators in the questionnaire was 3.71, indicating that 

the respondents overall rating of their IT portfolio was that it had provided no change-

significant improvement/adequate-high satisfaction. Standard errors were relatively low, 

providing a high degree of confidence in the mean (ranging from 0.087 to 0.116). Examining 

the mean score for each perspective, individually, resulted in the following: 

 

• The Operational perspective (OP) mean value was 3.95, indicating that respondents 

perceive that IT has provided some improvement to operational processes. 

• The Benefits perspective (BE) mean value was 3.92, indicating that respondents perceive 

that IT has provided some improvement in realising benefits on construction projects. 

• The Strategic Competitiveness perspective (SC) mean value was 3.81, indicating that IT has 

provided some improvement in achieving strategic goals. 

• The Technology/System perspective (TS) mean value was 3.55, indicating that respondents 

rated an adequate-high satisfaction with their IT portfolio. 

• The User Orientation perspective (UO) mean value is 3.31, indicating that respondents rated 

an adequate overall satisfaction with the user orientation element of their IT portfolio. 

 

The mean scores for the five perspectives suggest that project professionals are not overly 

satisfied with elements in the TS and UO perspectives, provided on construction projects, 

particularly the IT training (UO1: 2.89) and IT support (UO2: 3.17). 

 

To minimise the size of this chapter, this section only details statistical results for the user 

orientation perspective, as well as discussing the results from the four other perspectives. The 

complete data analysis and results for the correlation and hypotheses testing is presented in 

Appendix F. Kaplan and Norton (1996) recommend the use of correlation analysis to test the 

expected relationships in the scorecard. Although the quantity of significant inter-correlations 

between all five perspectives makes it impossible to view all relationships on one figure, the 

problem was overcome by detailing the inter-correlations of each perspective, individually. 

Accordingly, results of the correlation are presented in Table 11.21 for all perspectives and 

Figures 11.5 and 11.6 for the user orientation perspective. The latter figure details each 

indicator of the user orientation perspective and the Pearson correlation coefficient, for a two-
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tailed test, with significant indicators from other perspectives. For example, the level and 

frequency of training provided (UO1) is positively, and significantly (0.28**), correlated will 

the extent to which IT has helped in contract administration (OP1). Additionally, UO1 is also 

positively, and significantly (0.37**), correlated with an IT-induced reduction in multiple 

handling of documents (BE2), suggesting that UO1 is a key enabler to achieving more efficient 

and effective contract administration. Notably, there are no significant negative correlations 

with indicators from the user orientation perspective and indicators from other perspectives, 

particularly the benefits perspective; thus it could be suggested that IT training may have a 

positive effect on realising cost savings (BE4) on construction projects. The diversity of the 

significant inter-correlations between indicators from all four �other� perspectives suggests that 

the results are consistent with the theoretical framework shown in Figure 11.3.  

 

 

Table 11.20 Mean value and standard deviation for indicators 

Code Indicator Description Mean Std dev. 
Operational Perspective (OP)   
OP1 Processing of progress claims 4.05 0.91 
OP2 Contract administration 4.00 0.82 
OP3 Coordination and communication 4.15 0.93 
OP4 Reporting and feedback 3.96 0.92 
OP5 Responding to requests 3.93 0.89 
OP6 Optimising staff utilisation 3.62 0.88 
Benefits Perspective (BE)   
BE1 Realising time savings (data processing, responding, etc.) 3.99 0.95 
BE2 Reducing multiple handling of documents 3.90 0.92 
BE3 Improving document quality 3.93 0.95 
BE4 Realising cost savings (due to less re-work, travelling, etc.) 3.85 0.98 
Strategic Competitiveness Perspective (SC)   
SC1 Improve client satisfaction 3.85 0.82 
SC2 Enhance organisational competitiveness 3.89 0.89 
SC3 Enhance organisational image 3.95 0.87 
SC4 Forge project alliances through electronic means 3.83 0.83 
SC5 Attract more sophisticated clients 3.52 0.86 
Technology/System Perspective (TS)   
TS1 Reliability 3.52 0.82 
TS2 Appropriateness for application/function 3.57 0.79 
TS3 Quality of output 3.67 0.86 
TS4 Security 3.62 0.84 
TS5 Suitability for site conditions 3.35 0.92 
User Orientation Perspective (UO)   
UO1 The level and frequency of IT training provided  2.89 1.05 
UO2 The level and frequency of IT support provided 3.17 1.04 
UO3 The level and frequency of IT utilisation  3.55 0.93 
UO4 The IT applications/tools adopted by your organisation 3.57 0.83 
UO5 The user friendliness of the IT applications/tools adopted 3.39 0.87 
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Figure 11.5 User orientation perspective significant correlation overview 
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Figure 11.6 User orientation perspective significant correlations (two-tailed) 
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Additionally, independent sample t-tests (one-tailed) were conducted for each indicator of the 

user orientation perspective with individual indicators of other perspectives. Table 11.22 details 

the inter-correlation of the indicators in the user orientation perspective with the indicators in 

the operational perspective. From the table it can be seen that almost all the user orientation 

indicators are significantly interrelated with all the operational indicators. For example, 

construction project professionals, who reported an IT-induced significant improvement in 

coordination and communication (OP3 = 5, n =36), also reported a higher level of satisfaction 

with the IT training provided to them (UO1 = 3.14), than those who reported that IT caused 

some detriment to this management function (OP3 = 2, n = 6; UO1 = 2.33).  

 

These results were statistically significant where: **** p ≤ 0.001, *** p ≤ 0.01, ** p ≤ 0.05 and 

* p ≤ 0.1 (see Table 11.22). Likewise, organisations that reported a significant improvement, 

for all six operational indicators, also scored higher for all user orientation indicators. It is 

interesting to note that no respondent marked �significant detriment (i.e. 1)� for any of the 

indicators from the operational perspective; similarly, no respondent marked �significant 

detriment or very low (i.e. 1)� in any of the other perspectives. 

 

One purpose of the IT performance evaluation questionnaire was to provide data that would test 

the research hypotheses. The mean values and inter-correlations between the framework 

perspectives were calculated and are presented in Appendix F. The case study results suggest 

that all five perspectives are interrelated, with some minor exceptions, and thus, hypotheses H1-

H10 are supported. The following section discusses the independent sample t-test results for all 

five perspectives in detail. 

 

11.4.5 Discussion  

 

Although the study supports the ten hypotheses, a correlation test does not allow me to make 

statements about the cause-and-effect of perspectives, indicators and measures. This was not the 

aim of this validation study, but it could be aspirations of future research by either other 

researchers or myself. This study aimed to demonstrate the validity of the framework for 

capturing the interrelationship between indicators from the five perspectives. Although the 

independent sample t-tests supported the interrelationship between most indicators in the 

framework, there were some relationships that were not, or only marginally, supported (see 

Table 11.23 and Figure 11.7). These indicators warrant further discussion. For example, 

indicator TS4: security is not interrelated with many indicators from other perspectives (i.e. 

OP1, OP2, OP3, OP5, OP6, BE1, BE2, BE3, SC3 and UO5). 
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Table 11.22 Interrelationship of the operational and user orientation perspectives 

Performance 
Indicators from user 

orientation 
perspective 

 IT caused some 
detriment to 
processing of 

progress claims 
(OP1 = 2) 

 IT-induced 
significant 

improvement in 
processing of claims 

(OP1 =5) 

 t-value  Results 
supported 

Mean score for UO1  2.20 (n = 5)  3.06 (n = 31)  3.04***  Supported 
Mean score for UO2  2.20 (n = 5)  3.55 (n = 31)  5.03****  Supported 
Mean score for UO3  2.60 (n = 5)  3.90 (n = 31)  4.54***  Supported 
Mean score for UO4  2.60 (n = 5)  3.77 (n = 31)  4.08****  Supported 
Mean score for UO5  2.40 (n = 5)  3.48 (n = 31)  3.85***  Supported 
  IT caused some 

detriment to 
contract admin. 

(OP2 = 2) 

 IT-induced 
significant 

improvement in 
contract admin. 

(OP2 = 5) 

 t-value  Results 
supported 

Mean score for UO1  2.33 (n = 6)  3.52 (n = 21)  3.68***  Supported 
Mean score for UO2  2.00 (n = 6)  3.67 (n = 21)  7.51****  Supported 
Mean score for UO3  2.50 (n = 6)  4.00 (n = 21)  5.52****  Supported 
Mean score for UO4  2.67 (n = 6)  4.00 (n = 21)  4.78****  Supported 
Mean score for UO5  2.50 (n = 6)  3.76 (n = 21)  4.26****  Supported 
  IT caused some 

detriment to 
communication & 

coordination 
(OP3 = 2) 

 IT-induced 
significant 

improvement in 
communication & 

coordination 
 (OP3 = 5) 

 t-value  Results 
supported 

Mean score for UO1  2.33 (n = 6)  3.14 (n = 36)  2.86**  Supported 
Mean score for UO2  2.17 (n = 6)  3.44 (n = 36)  5.28****  Supported 
Mean score for UO3  2.33 (n = 6)  3.89 (n = 36)  6.19****  Supported 
Mean score for UO4  2.50 (n = 6)  4.00 (n = 36)  5.92****  Supported 
Mean score for UO5  2.33 (n = 6)  3.67 (n = 36)  5.36****  Supported 
  IT caused some 

detriment to 
reporting & 

feedback 
(OP4 = 2) 

 IT-induced 
significant 

improvement in 
reporting & 

feedback 
 (OP4 = 5) 

 t-value  Results 
supported 

Mean score for UO1  2.00 (n = 7)  3.19 (n = 26)  5.06****  Supported 
Mean score for UO2  2.14 (n = 7)  3.38 (n = 26)  4.81****  Supported 
Mean score for UO3  2.43 (n = 7)  3.77 (n = 26)  3.92***  Supported 
Mean score for UO4  2.57 (n = 7)  3.92 (n = 26)  5.56****  Supported 
Mean score for UO5  2.29 (n = 7)  3.62 (n = 26)  5.63****  Supported 
  IT caused some 

detriment to 
responding to 

requests 
(OP5 = 2) 

 IT-induced 
significant 

improvement in 
responding to 

requests 
 (OP5 = 5) 

 t-value  Results 
supported 

Mean score for UO1  2.00 (n = 6)  3.48 (n = 23)  6.10****  Supported 
Mean score for UO2  2.17 (n = 6)  3.65 (n = 23)  5.63****  Supported 
Mean score for UO3  2.33 (n = 6)  4.00 (n = 23)  4.41***  Supported 
Mean score for UO4  2.67 (n = 6)  3.91 (n = 23)  4.79****  Supported 
Mean score for UO5  2.33 (n = 6)  3.91 (n = 23)  6.07****  Supported 
  IT caused some 

detriment to staff 
optimisation 
(OP6 = 2) 

 IT-induced 
significant 

improvement in 
staff optimisation 

 (OP6 = 5) 

 t-value  Results 
supported 

Mean score for UO1  2.10 (n = 10)  3.42 (n = 12)  4.01****  Supported 
Mean score for UO2  2.30 (n = 10)  3.75 (n = 12)  3.90****  Supported 
Mean score for UO3  2.50 (n = 10)  4.25 (n = 23)  5.61****  Supported 
Mean score for UO4  2.60 (n = 10)  3.92 (n = 12)  4.14****  Supported 
Mean score for UO5  2.30 (n = 10)  3.83 (n = 12)  4.76****      Supported 
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When considering TS4 and the indicators from the operational perspective, the results suggest 

that organisations, that score high in their overall satisfaction with IT security, have not 

necessarily experienced higher improvement in operational performance, than organisations that 

are not satisfied with their IT security. It is also apparent from the results that indicator TS4: 

security was not interrelated with most of the indicators from the benefits perspective. Drawing 

on the PMPF results obtained from the previous questionnaire for TS4 (see Chapter 9), the 

indicator interdependence score (16.61) was quite low and the indicator had a low ranking (21 

out of 25). Likewise, indicator BE3: document quality was not interrelated with some indicators 

from other perspectives (i.e. UO1, UO5 and TS1). This indicator also had a low indicator 

interdependence score (17.21) and ranking (19 out of 25) from the previous questionnaire. The 

low independence score and ranking of these indicators reinforces the validation survey results. 

The research suggests that these indicators may not be critical in evaluating the value generated 

from implemented IT projects. 

 

Table 11.23 Interrelationships �not� or �marginally� supported  

Interrelationship (see Appendix F) t-value Results supported 
UO1 � BE3 1.14 Not supported 
UO5 � BE3 2.03* Marginally supported 
BE2 � OP1 2.09* Marginally supported 
BE2 � OP2 2.25* Marginally supported 
BE2 � OP5 2.04* Marginally supported 
BE3 � SC4 2.18* Marginally supported 
BE3 � SC5 2.14* Marginally supported 
BE1 � TS4 1.53 Not supported 
BE3 � UO5 1.37 Not supported 
OP1 � SC1 2.24* Marginally supported 
OP1 � TS1 1.89 Not supported 
OP4 � TS1 2.15* Marginally supported 
OP5 � TS4 1.66 Not supported 
OP6 � TS4 1.55 Not supported 
TS1 � OP1 1.29 Not supported 
TS4 � OP1 1.17 Not supported 
TS4 � OP2 1.94 Not supported 
TS4 � OP3 2.46* Marginally supported 
TS4 � OP6 1.05 Not supported 
TS1 � BE3 1.65 Not supported 
TS4 � BE1 0.49 Not supported 
TS4 � BE2 1.57 Not supported 
TS4 � BE3 1.92 Not supported 
TS4 � SC3 0.96 Not supported 
TS4 � UO5 1.07 Not supported 
SC1 � OP2 2.31* Marginally supported 
SC1 � OP5 2.15* Marginally supported 
SC3 � OP2 2.35* Marginally supported 
SC3 � OP4 2.52* Marginally supported 
SC3 � OP5 2.26* Marginally supported 
SC3 � TS4 2.25* Marginally supported 
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Figure 11.7 Interrelationship between perspectives and indicators 

 

11.4.6 Validation study summary 

 

Using information collected from 82 project professionals from large Australian construction 

contractors and project management organisations, correlation and independent sample t-tests 

(one-tailed) provide support for the �Construct IT� BSC. Specifically, findings suggest that the 

�Construct IT� BSC framework can be used as a tool for monitoring the IT-induced value 

creation process. Undoubtedly, providing an appropriate and reliable IT tool on construction 

projects in conjunction, with sufficient training and support, consumes a significant amount of 

project resources. Because of these costs, project and business unit managers often wonder 

about the payback of this type of investment. The findings of this case study provide useful 

information and positive results in this regard. The hypotheses testing, through correlation and 

independent sample t-tests, proved that organisations that score higher in the �soft� 

technology/system and user orientation perspectives also experience IT-induced performance 

improvement in the operational, strategic competitiveness and benefits perspectives. 

Accordingly, project managers need to be encouraged to closely monitor indicators from the 

user orientation and technology/system perspectives. A �slack� in these indicators would most 

likely signal retarding performance in the other perspectives.  
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One limitation of the study is that it targeted large construction contractors and project 

management organisations. Nevertheless, the results have shown that construction projects, 

which have implemented innovative IT tools that are reliable, appropriate, etc., in conjunction 

with effective IT training and support, experienced higher IT-induced operational performance 

than projects that did not. Further, the results of the study support the ten hypotheses with only 

minor exceptions. The strong interrelationship between the refined indicators, established in the 

Chapter 9, further reinforces their relevancy for IT performance evaluation. It is hoped, 

therefore, that this study will encourage construction organisations to adopt the �Construct IT� 

BSC framework to assist with the measurement and management of the implemented IT 

projects. It should also be noted that the IT performance evaluation framework, presented in this 

research dissertation, should be considered as a template, and not a �cure all� solution. 

 

11.5 Summary 

 

This chapter has demonstrated the effective application of the three developed frameworks, 

representing each phase of the IT project lifecycle, in an industry environment. The proposed 

frameworks can help to ensure improved management of IT projects in the construction 

industry. However, the frameworks should not be considered fixed in structure, but rather a 

template that can be modified to suit the individual needs of the construction organisation. For 

example, an organisation may decide to remove or modify some of the IT performance 

indicators in the evaluation framework. As a final note, the dynamic nature of IT projects 

necessitates that the tools used to help manage them should be flexible in nature to ensure their 

continued relevance and effectiveness. 
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CHAPTER  12 
 
 
 

CONCLUSIONS, CONTRIBUTIONS AND 

IMPLICATIONS 
 

 

12.1 General Remarks 

 

The problem identification and the objectives to this research study have been briefly described 

in Chapters 1 and 3, and detailed in Chapters 5, 6 and 7, for the three phases of the IT project 

lifecycle, respectively. A continual effort to translate these research objectives into an 

appropriate research approach has been undertaken during the course of this study. The degree 

to which the stated objectives have been achieved is shown in this chapter.  

 

This chapter provides an overview of the key discussion issues associated with each developed 

IT project lifecycle�s respective framework and method. It builds upon the discussions of the 

analysis, findings and case studies. It also presents the conclusions, contributions and 

implications that emerge from this research. The following section of this chapter (12.2) 

individually addresses the research objectives and outcomes of each phase of the IT project 

lifecycle. The next sections (12.3, 12.4 and 12.5) discuss the contributions of this research to the 

body of knowledge on IT in construction, and the implications from this research for the 

research community and the construction industry, respectively. Section 12.6 provides 

directions for future research. Finally, Section 12.7 concludes the thesis with a brief summary of 

findings. Hence, the three types of findings from this research, as described in this chapter, are 

as follows: 

 

• The conclusions summarise the results of this investigation and are derived from the 

observed data analysis and case studies detailed in their respective chapters. They provide 

answers to the questions raised at the beginning of this investigation when the research 

objectives were formulated. 
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• The contributions are identifiable extensions of the existing body of knowledge, which 

include summaries of the state of knowledge existing before the research, and the enhanced 

body of knowledge resulting from incremental information added through this investigation. 

 

• The implications are provided for other researchers and the construction industry. The 

implications are pragmatic applications of key conclusions and contributions that form an 

initial phase of dissemination of the research results to academics and industry practitioners.  

 

12.2 Research Objectives and Outcomes − Overview 

 

Based on each phase of the IT project lifecycle management approach, a proposed framework 

and method(s) were developed for: (1) IT project selection; (2) Strategic IT implementation and 

monitoring; and (3) IT performance evaluation. The development of the proposed frameworks 

has involved a number of major tasks, which are summarised below, together with the 

associated conclusions. 

  

12.2.1 IT project selection 

 

The IT project lifecycle management process commences with the selection of a portfolio of IT 

projects/tools for funding by the organisation. The developed IT project(s) selection framework 

encompasses the full spectrum of direct and indirect costs, tangible and intangible benefits and 

the intangible risk associated with IT project proposals. Possibility theory (fuzzy logic) was 

employed to cope with the inherent fuzziness associated with quantifying the costs, benefits and 

risks. A five-step method and examples were presented to illustrate the analysis and the ranking 

of the proposals using the proposed framework.  

 

A case study was then undertaken with a large international project management and 

development organisation to demonstrate the validity of the IT project selection framework. The 

case study illustrated the selection of a Project Web Information Management Extranet 

(PWIME) proposed by the organisation. The case study demonstrated each step of the proposed 

five-step method and ranked the two IT project proposals being considered by the organisation. 

The proposed framework demonstrated an effective approach for ranking proposals based on an 

aggregated combination of both certain and uncertain costs, as well as benefits and risks of a 

tangible or intangible nature. 

 

 

Lifecycle Management of IT Projects in Construction  



Chapter 12: Conclusions, Contributions and Implications   12-3 

 

12.2.2 Strategic IT implementation and monitoring 

 

Once a portfolio of IT projects is selected for funding by an organisation, they need to be 

strategically implemented and monitored, over their lifecycle. A strategic IT implementation 

and monitoring framework was developed to enhance both the efficiency and effectiveness of 

this phase. The framework consisted of six defined steps: (1) Strategic factors � internal and 

external analysis; (2) A hybrid AHP/SWOT analysis; (3) IT diffusion strategy � story telling; 

(4) Operational strategy; (5) Implementation strategy � action plans; and (6) Monitoring plan. 

Examples were provided for each step to demonstrate the applicability of the proposed 

framework.  

 

A case study was then undertaken with another large multi-national construction contracting 

organisation to demonstrate the applicability of the proposed framework. The case study applied 

the proposed framework for the implementation of a Project Management Information System 

(PMIS) for the project management of telecommunications infrastructure. The organisation 

successfully adopted the proposed framework for the PMIS implementation and acknowledged 

that a more efficient and effective implementation resulted due to the structured procedure.  

 

12.2.3 IT performance evaluation 

 

The third and final phase of the IT project lifecycle was the performance evaluation of the 

implemented IT projects. The IT performance evaluation framework, developed for this phase, 

was the primary focus of this research project. The framework was structured using the 

Balanced Scorecard (BSC) principles, but modified, to suit to the specific requirements of the 

construction industry. This developed BSC could be adapted for each decision-making tier of a 

construction organisation (i.e. project tier, business unit tier and enterprise tier).  

 

The developed BSC was structured using a hierarchy of performance perspectives, indicators 

and measures. The perspectives were developed through the analysis and synthesis of the �IT 

business value� evaluation literature, producing five definable perspectives. These included: 

operational, benefits, technology/system, strategic competitiveness and user orientation. 

Performance indicators and measures were extracted from mainstream IT literature, as well as 

from the emerging literature on information economics. The indicators and measures were 

initially screened, through consultation with construction professionals and conceptual cause-

and-effect mapping, to establish a robust set that could be presented to the industry. Finally, this 

set of screened indicators was refined through questionnaire dissemination at the project tier of 
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construction organisations to ensure their validity. One hundred and eight (108) positive returns 

were received representing an average response rate of 33%. This rate appears consistent with 

other reported mail surveys in construction management literature (Fellows and Liu, 1997). Five 

of the questionnaires were eliminated due to missing data, leaving a final sample size of 103. 

The five framework perspectives were validated through principal component factor analysis, 

with varimax rotation, and a set of 25 indicators was justified from the data reduction process. 

Each perspective and indicator�s relative weight was established using the Performance 

Measurement Process Framework (PMPF) concept, which was developed by Kagioglou et al. 

(2001). As most performance measures change, and will continue to change, with new 

technology, they were not justified through quantitative analysis. However, to cater for this 

dynamic nature, a structured procedure, to develop and use performance measures, was 

developed and reported. 

 

The resulting IT performance perspectives, indicators and measures were compiled into a 

�Construct IT� BSC relevant to the project tier of a construction organisation. The �Construct 

IT� BSC encompasses the complete spectrum of performance measures to help evaluate the 

overall IT-induced performance improvement. The problem of combining performance 

measures with varying metrics into commensurable units (utiles) was overcome by applying the 

utility theory, reducing the process of IT performance to a multi-attribute problem. As a result, 

the approach chosen to handle this problem is the creation of a multi-attribute utility model, 

based on the combination of weighted one-dimensional utility functions. Examples were 

provided to assist construction professionals to apply the proposed �Construct IT� BSC 

evaluation framework. It should be noted that construction organisations seeking a more 

simplistic and perhaps non-mathematical based performance evaluation system can still adopt 

the �Construct IT� BSC framework but tailor the measurement and evaluation system to suit 

their individual organisational needs. 

 

The final validation survey was conducted to subjectively evaluate respondents� satisfaction 

with their IT applications/tools for the processing, storage, transfer and presentation of project 

information and assess the improvements compared to Business As Usual (BAU) practices. The 

primary aim of this part of the study was to validate that the perspectives of the �Construct IT� 

BSC were interrelated. This was achieved through a project-tier questionnaire survey targeting 

large Australian construction contractors and project management organisations. In total, 82 

responses were received and questionnaire data was used as input for SPSS V.10. The focus of 

this survey was the verification of the interrelationship between the framework perspectives and 

the determination of whether this relationship was statistically significant. Ten hypotheses were 

formulated for this purpose and they were tested using independent sample t-tests (one-tailed). 
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The analysis supported the ten hypotheses suggesting that the �Construct IT� BSC framework 

can be used as a tool for monitoring the IT-induced value creation process. In conclusion, the 

study has demonstrated that construction projects which have implemented IT tools that are 

reliable, appropriate, etc., in conjunction with effective IT training and support, experienced 

higher IT-induced operational performance, than projects that did not.  

 

Finally, it should be noted that the proposed frameworks, for each phase of the IT project 

lifecycle, are flexible in structure and can be modified to suit the needs of individual 

organisations. This important characteristic makes the frameworks constantly relevant to the 

dynamic nature of IT projects. 

 

12.3 Contribution to Academic Knowledge Base 

 

Despite the large number of studies having addressed the concept of IT in construction, limited 

research has focused on the lifecycle management of IT projects in a construction environment. 

Moreover, to the best of the knowledge of the author, such research investigations have not 

developed a dynamic framework that provides for the continuous identification, selection, 

implementation, monitoring and performance evaluation of IT investments. The proposed 

lifecycle management framework provides a systematic method for construction organisations 

to minimise risks, while maximising return on IT investments, through the quantitative and 

qualitative evaluation of many of the aspects associated with IT projects. Each phase of the 

lifecycle has an individual framework with carefully selected tools designed to meet the specific 

requirements of that phase. Illustrative examples and case studies are provided to enhance the 

practicality of such tools. 

 

This research offers significant contributions to the existing body of knowledge in the research 

field of IT in construction, more specifically in IT project lifecycle management and IT 

performance evaluation. Such contribution is in the form of a theoretically based and 

empirically tested IT project lifecycle management process, consisting of three interrelated 

frameworks. These frameworks include: 

 

1. An IT project selection framework which encompasses the full spectrum of direct and 

indirect costs, tangible and intangible benefits and intangible risk associated with IT project 

proposals being considered by an organisation. 

 

2. A structured strategic IT implementation and monitoring framework utilising a hybrid 

AHP/SWOT analysis technique. 
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3. An IT performance evaluation framework, in the form of a �Construct IT� BSC, for the 

evaluation of IT-induced performance improvement in construction organisations. Five 

interrelated IT performance perspectives and 25 associated indicators, spread across these 

perspectives, were established and tested through two consecutive questionnaire surveys of 

large construction contractors and project managers in the Australian construction industry. 

Thus, increasing the understanding of the importance of performance measurement and 

management of IT investments by the Australian construction industry.  

 

12.4 Implications for Research 

 

The background literature review revealed that the construction industry in general lacked tried 

and tested techniques which can be used to select, strategically implement and evaluate the 

performance of IT projects. The developed IT project(s) selection framework utilised the 

information economics theory to encompass the full spectrum of direct and indirect costs, 

tangible and intangible expected benefits and the intangible risks associated with IT project 

proposals, considered for funding by the organisation. To incorporate the uncertainty that 

normally surrounds quantifying costs, benefits and risks, the framework employed a simple but 

powerful fuzzy logic technique to integrate all the monetary and non-monetary factors into a 

form that enabled the ranking of proposals. Although fuzzy logic techniques have been used 

extensively in a number of construction management decision support systems, its application to 

the problem of IT project selection has received limited research attention. Further, the 

integration of numerous monetary and non-monetary factors, for each IT project proposal, into 

an aggregated possibility distribution, which can be compared and ranked against other 

proposals, is a unique concept not addressed by other researchers in this field. These distinct 

attributes of the framework make it relevant to the issue of IT project selection.  

 

Phase two of the lifecycle includes the strategic IT implementation and monitoring framework. 

This framework was developed from a critical review of existing literature and applied through 

an industry-based case study. The framework is premised on a hybrid analysis utilising AHP 

and SWOT analysis. To the best of the author�s knowledge, this hybrid approach has not been 

utilised in construction management applications.  

 

An IT performance evaluation framework and method was developed for the final phase of the 

lifecycle. This framework was the primary focus of this Ph.D. research study and was structured 

using the BSC principles adapted to the specific requirements of the construction industry. The 

major research outcome of this phase of the lifecycle was the development of the project tier 
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�Construct IT� BSC. Although the BSC is a mature concept employed extensively by 

researchers and practitioners across a broad range of industries worldwide, this is the first 

attempt that has been made to utilise it for evaluating the value IT adds to the process of project 

information management in construction. This study conducted an in-depth research 

methodology to extract, screen, refine and validate IT performance indicators across five 

distinct BSC perspectives. The developed project tier �Construct IT� BSC is unique in structure 

and has the advantage of being easily adapted to suit other decision-making tiers (business unit, 

enterprise) of a construction organisation.  

 

It is the author�s contention that the proposed frameworks provide an excellent foundation for 

the continual building and application by researchers. 

 

12.5 Implications for the Construction Industry 

 

Industries, such as banking, finance, insurance, mining and manufacturing, are gaining benefits 

and competitive advantages from successful implementation of innovative IT projects. Adopting 

an IT project lifecycle management approach is the first step to efficiently and effectively 

transform or re-engineer traditional construction business processes and, ultimately, improve the 

productivity of the construction industry. 

 

The contents of this research dissertation have many implications for the construction industry 

as it attempts to develop and promote an IT lifecycle management culture in the construction 

industry. It provides a lifecycle management framework, which has immense relevance to 

construction organisations. Such a framework would mitigate against IT project(s) risk factors 

and ensure that efficient and effective IT project(s) management occurs.  

 

Also, adopting this framework at each decision-making tier of a construction organisation will 

ensure that key personnel at each tier, such as managing directors, business unit managers and 

project managers, will all focus on achieving objectives, at their particular tier which ultimately 

link back to the organisation�s overall mission. This linkage of tiered objectives creates the 

necessary cohesion to achieve such an outcome. Construction organisations that appreciate a 

tiered approach will be rewarded by their IT investment outlays being translated into 

organisational benefits and competitive advantages. 

 

The results of this research should increase an organisation�s motivation to pursue a more 

advanced approach to managing their IT projects. The IT project lifecycle management 

framework will help industry professionals select the most appropriate IT projects for their 
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organisation, strategically implement these selected projects and continuously monitor and 

evaluate the implemented IT projects. The implications of these three phases of the IT project 

lifecycle, for industry, will be individually discussed in the following paragraphs. 

 

In many cases, the viability of an IT project cannot be determined unless detailed feasibility 

studies are conducted. The preparation of these feasibility studies consumes valuable company 

time and effort and can be very expensive. The proposed IT project(s) selection framework and 

method, detailed in Chapter 5, provides construction organisations with a tool with which to 

measure the viability of proposed IT projects. This chapter presented a method capable of 

modelling the effects of both monetary (tangible) and non-monetary (intangible) factors 

applicable to IT investments, through the use of possibility theory. The proposed method 

provides construction organisations with an accurate and convenient method for comparing 

different IT project proposals being considered by their organisation. The IT project(s) selection 

method offers a less expensive method than extensive feasibility studies, whilst still providing 

accurate and transparent results. 

 

The recognition of the need for an improved IT implementation strategy has been emphasised in 

both empirical and prescriptive studies. Chapter 6 of this research dissertation proposes a six-

step method that can be used to strategically implement and monitor IT projects in construction 

organisations. The proposed method serves to accelerate the rate at which changes in people, 

tasks and structure will take place. In doing so, the gap between the rates, at which the 

technology and the other three components change, will be reduced or eliminated. Construction 

organisations adopting the proposed approach should be able to mitigate risks and leverage 

benefits associated with their implemented IT projects. The project manager, from an 

organisation adopting the proposed approach in the case study, illustrated in Chapter 11, stated 

that �The procedure ensured a smoother implementation of the project management information 

system on the project. We would definitely consider this approach again.� 

 

It is essential to have accurate and representative measurements reflecting current practice, 

trends and productivity, in order to improve construction performance through IT 

implementation. To achieve this, Chapters 7 through to 11 of this thesis detail the development 

and application of a practical �Construct IT� BSC and the associated IT performance evaluation 

framework for all decision-making tiers of construction organisations. In addition to the 

framework, Chapter 9 details the project tier indicators and their level of importance, 

established through the questionnaire surveys. A method for developing and using performance 

measures is also detailed in that chapter. The IT performance evaluation framework uses utility 

theory and the analytical hierarchy process to apply the concepts of the �Construct IT� BSC. The 
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proposed �Construct IT� BSC is demonstrated in a practical application detailed in Chapter 11. 

This IT performance evaluation case study reinforces the practicality of the �Construct IT� BSC 

by validating the interrelationship between the perspectives. In simple terms, the study 

confirmed that organisations that performed better in the �soft� technology/system and user 

orientation perspectives also experienced better IT-induced performance improvements in the 

operational, strategic competitiveness and benefits perspectives. This result is refreshing news 

for construction professionals concerned with the payoff from innovation in construction. 

 

The attractiveness of the �Construct IT� BSC to the construction industry is its simplicity and 

flexibility. It is my contention that IT performance evaluation should be measured across the 

proposed five perspectives. However, the remaining elements of the framework should not be 

considered fixed, for example, (1) IT performance indicators and associated measures can be 

individually developed to suit the objectives of the organisation; (2) the �Construct IT� BSC 

does not have to be applied using the MAUT/AHP model detailed herein, but can be applied 

using more simplistic and perhaps non-mathematical based approaches; and (3) the decision-

making tiers suggested herein can be modified to suit individual organisations. Nevertheless, 

organisations need to consider the concepts, detailed herein, when developing and using their 

organisation-specific �Construct IT� BSC.  

 

Construction organisations that lay the foundations for an IT performance measurement and 

management culture, by encouraging and fostering performance measures, will be rewarded by 

IT-induced performance improvement. Unfortunately, this only happens when senior 

construction professionals and project-based IT champions are sincerely supportive and 

involved in the process itself. 

 

12.6 Directions for Future Research 

 

The perceived benefits of IT employment in construction have forced the exponential growth of 

research into this new branch of management science. Further, the poor diffusion of IT 

investments in construction prompted the author to investigate a strategic IT project(s) lifecycle 

management approach for the industry. Moreover, the construction industry, particularly in 

Australia, is only commencing to acknowledge the importance of strategic IT selection, 

implementation and evaluation. Particular components of the developed frameworks and 

methods reported in this research dissertation, that need further development, are summarised in 

the following sections: 
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• Further research is needed to better understand the interaction between costs, benefits and 

risks associated with IT project selection. This would help develop more accurate estimates 

of these items. Also, it would be of benefit to determine IT business value from a 

construction industry perspective. Finally, future research could empirically quantify the 

difference between potential and realised value generated from implemented IT projects. 

 

• For the strategic IT implementation and monitoring framework, further case studies need to 

be undertaken to evaluate the degree of efficiency improvement achieved by using the 

proposed structured IT implementation method compared to the current approach adopted 

by construction organisations. The results of the case studies should reinforce the 

importance of adopting a structured IT implementation approach. Additionally, research 

needs to focus on the role industry, organisations, resources and IT usage play in the 

enhancement or otherwise of IT value generated during implementation. 

 

• Extensive case studies should be undertaken to evaluate long-term performance of IT 

projects in construction organisations. These case studies should employ the proposed 

�Construct IT� BSC and evaluation method at the project, business unit and enterprise tiers. 

To capture the transfer of IT performance improvement from the project tier to the business 

unit tier, and eventually the enterprise tier, the case studies will need to be undertaken over a 

relatively long-term period (i.e. 3-5 years). Cause-and-effect mapping, utilising techniques 

such as structural equation modelling, could be employed for this purpose. These case 

studies will provide more evidence for the independent validity of the framework. 

 

• Lastly, this research was primarily focused at large construction contracting and project 

management organisations. Further research should be undertaken to examine the 

applicability of the developed frameworks to small and medium organisations.   

 

12.7 Closure 

 

This research made fundamental contributions in two areas: 1) an IT lifecycle management 

framework for the construction industry was developed; and 2) the IT performance perspectives 

and indicators of the �Construct IT� BSC were developed and empirically tested. The IT 

project(s) lifecycle management framework consisted of three interrelated components which 

represented the three phases of the lifecycle, viz. (1) IT project(s) selection; (2) strategic IT 

implementation and monitoring; and (3) IT performance evaluation. Each of these three 

individual frameworks was developed after an extensive literature review and applied in 

industry-based case studies.  
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The IT performance evaluation phase of the IT project(s) lifecycle was the primary focus of the 

thesis dissertation. The developed �Construct IT� BSC perspectives were initially validated 

using a single project-focused pilot study involving 42 project participants. Following this was 

the primary questionnaire survey, also focused at the project tier, and involved 103 respondents 

from various large construction contractors and project managers. This study also validated the 

five perspectives of the conceptual �Construct IT� BSC, through principal component factor 

analysis, and a total of 25 project-specific indicators were retained from the data reduction 

process.  

 

A method by which IT performance measures could be developed and used is detailed herein, 

along with, the 25 indicators established from the questionnaire survey. The �Construct IT� BSC 

framework perspectives and indicators were then utilised for an additional project-tier survey. 

The aim of this survey was to test the interrelationship between the framework indicators and 

perspectives. Using information collected from 82 project professionals from large construction 

contractors and project management organisations, correlation and independent sample t-tests 

(one-tailed) provided support for the �Construct IT� BSC. Specifically, the findings suggest that 

the �Construct IT� BSC can be used as a tool for monitoring the IT-induced value creation 

process. 

 

In completing this research, a substantial amount of information regarding the perceptions of the 

Australian construction industry to the concept of IT performance evaluation was collected and 

analysed. This has helped validating the developed frameworks. Finally, this investigation also 

provides a foundation for future research, in a number of related areas, offering new and 

exciting directions for the research and practice of construction management.  
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APPENDIX  A 
 
 
 

IT PERFORMANCE INDICATORS, OBJECTIVES AND 

MEASURES 
 

 

1. General Remarks 

 

One of the aims of the research method used was the development of a comprehensive list of IT 

performance indicators, IT performance objectives and IT performance measures, at the three 

decision-making tiers of a construction organisation (i.e. project, business unit and enterprise 

tiers). The tables displayed in the following sections detail each developed IT performance 

indicator, objective and measure associated with each IT performance perspective.  

 

2. Project Tier 

 

As previously explained, the project tier of a construction organisation is concerned with 

construction projects. This tier is concerned with measuring the influence of IT on construction 

project work processes. These processes can generally be evaluated immediately or in the short-

term and may include employee productivity, progress claim approval and user satisfaction. 

Tables A.1 through to A.5 detail project tier IT performance indicators, objectives and measures 

associated with each IT performance perspective. 

 

3. Business Unit Tier 

 

As previously explained, the business unit tier is concerned with a division of the construction 

organisation which incorporates a number of construction projects on a national or international 

basis. This tier is concerned with the influence of IT on business unit processes consisting 

mainly of management, financial and coordination processes. These processes are generally 

evaluated in the medium to long term and aggregate IT performance results on the various 
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construction projects undertaken by the business unit. Tables A.6 through to A.10 detail the 

business unit tier IT performance indicators, objectives and measures associated with each IT 

performance perspective. 

 

4. Enterprise Tier 

 

As previously explained, the enterprise tier is concerned with the corporate activities of the 

construction organisation. The tier incorporates the operating performance of each business unit 

of the organisation. This tier is concerned with influence of IT on the overall performance of the 

organisation and is primarily concerned with outcome orientated performance indicators and 

measures, such as shareholder value, profitability and business competitiveness. These 

processes are generally evaluated in the long term and aggregate IT performance results of each 

business unit of the organisation. Tables A.11 through to A.15 details the enterprise tier IT 

performance indicators, objectives and measures associated with each IT performance 

perspective. 
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Table A.1 Operational perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Procedures 
development and 
maintenance 

IT assists in the efficient 
development and maintenance of 
project procedures 

1) % of project costs spent on 
administration 

2) Ratio of the number of IT-based 
procedures followed to the total 
number of procedures employed on 
the project 

Improved 
progress claims 
efficiency  

Facilitate quicker progress claim 
formulation, approval and payment 
through the use of database systems 
and transfer to client through IT 

1) Cycle time from commencement of 
claim to payment reduced by �a� % 

2) % of claims processed using IT 
3) Frequency of claims sent using IT 

(i.e. email, project web etc.) 

Improved contract 
administration 

Eliminate labour-intensive 
processes, duplicate data entry, and 
paper handling tasks enabling 
procurement managers to focus on 
functional tasks 

1) Time spent on functional task to 
total time at work, reduced by �a� % 

Improved 
coordination and 
communication 

Improved communication among 
project participants, more efficient 
utilisation of consultants and sub-
contractors 

1) No. of conflicts resulting from lack 
of coordination reduced by �a� % 

2) Time spent on re-work arising from 
lack of coordination reduced by 
�a�% 

3) Response time to answer design 
queries 

4) No. of changes made due to co-
ordination errors during construction 

Better and faster 
decision-making 

Better and faster decision-making  1) Time taken to arrive at decision 
reduced by �a� % 

Rapid reporting Information is made available to the 
entire project team as soon as it is 
completed 

1) Time taken to report changes to 
management 

2) Time spent on reporting to total time 
at work, reduced by �a� % 

3) % of input not received on time  

Reduced site 
supervision 

Reduction in time spent on site 
required by project management 
team addressing site issues 

1) The ratio of No. of off-site 
inspections undertaken using IT 
tools (web-camera) etc. to total 
number of site inspections 
undertaken 

 
Improved quality 
systems 

Reduced number of QA non-
conformances through IT 

1) The ratio of the No. of QA non-
conformances for the IT-based 
system to the No. of QA non-
conformances for traditional QA 
system 
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Table A.2 Benefits perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Efficient 
document 
management 

Eliminate labour-intensive 
processes, duplicate data entry, 
document duplication and paper 
handling tasks  

1) % of documents stored 
electronically 

2) Frequency of documents transferred 
electronically 

3) Document duplication costs reduced 
by �a� % 

4) Photocopier utilisation reduced by 
�a� % 

Reduced re-work Reduced re-work resulting from 
construction being undertaken from 
superseded information 

1) Re-work on construction project 
reduced by �a� % 

2) Frequency of �RFI�s� issued by the 
contractor 

3) Degree of satisfaction with 
coordination processes 

Quicker response 
times 

Latest version information posted 
immediately to all project 
participants. Qucker response to 
project management issues and 
approvals 

1) Time taken to receive latest version 
information reduced by �a� % 

2) Response time for approval if 
contract issues  

3) $ amount of variations to the 
contract amount due to Principals 
delay on the project 

4) Frequency of Extensions of Time 
(EOTs) to the contract period due to 
Principals delay on the project 

Improved client 
satisfaction 

Client is satisfied with the service 
provided by the organisations IT 
systems 

1) Frequency of written complaints 
made by client 

Reduced project 
overhead costs 

Reduced overhead costs due to IT 
induced continuous business 
process improvement 

1) Project overhead costs reduced by $ 
amount 

Increased staff 
utilisation 

Increased staff utilisation due to IT 
introduction. i.e. reduced travel, 
improved communication, 
information retrieval 

1) Staff productivity improves by �a� 
%. 

Reduced 
communication 
costs 

IT-induced reduction in 
communication costs between 
project participants. Using email, e-
conferencing etc. instead of more 
costly meetings, mobile phone calls 
etc. 

1) Frequency of data exchange in 
electronic format (No. / week) 

2) Site supervision costs reduced by $ 
amount 

3) Phone costs reduced by $ amount 
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Table A.3 Technology/System perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Increased IT 
utilisation  

Ensure maximum usage of IT 
resources 

1) % of time spent using IT tools to 
total time at work 

2) % of documents stored 
electronically to total documents 
stored 

3) No. of user complaints regarding 
system availability 

 
IT infrastructure 
investment 
intensity 

Degree of investment in IT on the 
construction project 

1) Project resources invested in IT for 
hardware and software 

2) Project resources invested in IT for 
system development 

Improved IT 
quality 

Employing a quality IT system that 
operates with few instances of 
network crashes, hardware or 
software problems. 

1) Frequency of messages/documents 
transferred electronically to the 
wrong address 

2) Frequency of network crashes per 
week 

3) Frequency of hardware related 
problems 

4) Frequency of software related 
problems 

5) Meantime between system repairs 
 

Effective system 
security 

Provide a secure network for 
construction project participants 

1) Frequency of reported incidents 
(security breaches) 

2) Frequency of virus infected files 
transferred 

3) Time taken to identify and resolve 
incidents 

 
Table A.4  Strategic competitiveness perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Increased 
electronic 
interfacing 
between project 
participants 

Incorporating ecommerce initiatives 
to streamline interaction between 
project participants 

1) Rate of utilising IT applications for 
interfacing with client and suppliers 

Project leadership Being the leader in construction 
project management and 
procurement through the use of 
innovative technology 

1) No. of excellence awards received 
by industry  

2) Degree of satisfaction of project 
participants (survey) 

Marketing of 
project success 

Gaining market respect and repeat 
work through service quality and 
performance enhancement achieved 
through innovative technology 

1) % of clients providing repeat work 
2) Degree of satisfaction of project 

participants (survey) 
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Table A.5  User orientation perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Satisfactory level 
of IT training 

Provide cost effective IT training 
sessions to users of technology. 
Achieve a satisfactory level of IT 
training proficiency 

1) Ratio of the number of users 
requesting additional training/help to 
the total number of participants per 
training session 

2) % of project budget invested in IT 
training and familiarisation 

3) Number or % of users at the 
required level of proficiency 

4) Validated increase or decrease of 
user calls to IT assist help desk 

Responsive IT 
Support 

Provide responsive IT technical 
support staff and decreased user 
reliance on technical support with 
time 

1) Response time on request for help 
2) Frequency of technical support 

utilisation 
3) % of project budget devoted to IT 

support 

Effective IT use Effective use of introduced IT 
hardware and software by project 
participants and the degree of 
resistance to new technology. 

1) Ratio of No. of user regularly using 
the system to the total number of 
employees expected to make use of 
the system 

2) Frequency of resorting to old 
manual procedures per user 

3) % of users reporting full use of IT 
applications 

4) No. of improvements implemented 
in the system / No. of suggestions 
made by users 

User satisfaction 
(user, client, other) 

User/client/other project participant 
satisfied with applications, output, 
training, technical support etc.  

1) Percent of users satisfied with IT 
applications (survey) 

2) Percent of users satisfied with output 
of IT applications (survey) 

3) Percent of users satisfied with 
training and technical support 
provided (survey) 

4) Percent of users satisfied with IT 
technical support (survey) 

5) Timeliness of information/feedback 
per client requirement 
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Table A.6  Operational perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Improved data 
sharing 

Optimise, streamline and integrate 
disparate procurement automated 
systems, sub-systems, and 
databases.  

1) No. of incidents of information 
being inputted into the database 

2) Average % of documents transferred 
electronically  

Enhanced business 
process support 

Implemented IT significantly 
enhances process improvement 
plans 

1) Degree to which implemented IT 
solution supports process 
improvement plans (survey) 

2) Degree to which IT aids process 
analysis (survey) 

3) Degree to which IT solutions can 
adapt to new requirements (survey) 

Better and faster 
decision-making 

Better and faster decision-making 
by business unit managers 

1) Time taken to arrive at a 
construction project related decision 
reduced by �a� % 

 
Rapid reporting Reliable and accurate management 

reports are provided through 
innovative IT, reducing the amount 
of administration required for 
reporting 

1) % of management reports produced 
through management information 
system 

2) % accuracy of management reports 
produced by management 
information systems 

 
Improved 
coordination and 
communication 

Improved communication among 
between construction projects and 
business unit 

1) No. of conflicts resulting from lack 
of coordination reduced by �a� % 

2) Time spent on re-work arising from 
lack of coordination reduced by 
�a�% 

3) No. of changes made due to co-
ordination errors during construction 

Strategic IT 
implementation 

Strategic implementation of IT 
within the business unit  

1) % of construction projects reporting 
satisfactory  

 
Effective business 
unit procedures 

IT assists in the efficient 
development and maintenance of 
business unit procedures 

1) % of business unit costs spent on 
administration 

2) Ratio of No. of IT-based procedures 
followed to the total No. of 
procedures employed by business 
unit 

Standardised 
business unit 
processes 

Facilitate the integration of a 
standardised  procurement and 
payment computing environment 
for all construction projects 

1) % of construction projects 
employing standardised procurement 
and payment computing processes 

 

Effective 
technology 
integration 

New technology integration does 
not cause failures within the 
existing system  

1) No. of construction projects 
reporting poor interoperability of 
hardware and software 

 
Anticipate IT 
requirements of 
construction 
projects 

Business unit anticipates necessary 
IT requirements of construction 
projects   

1) No. of effective IT applications 
introduced on construction projects 
by business unit  
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Table A.7 Benefits perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Greater return on 
construction 
projects 

IT implementation facilitates 
improvement in work process 
efficiency resulting in improved 
construction project margins 

1) % increase in construction profit 
profit margins 

Reduced 
communication 
costs 

IT implementation facilitates more 
effective communication between 
construction projects and the 
business unit through applications 
such as project webs, email, e-
conferencing etc 

1) Degree of satisfaction with 
relationship between business unit 
managers and construction project 
managers (survey) 

2) % of meetings conducted using e-
conferencing 

IT enabled 
centralisation of 
construction 
management 
processes 

IT enabled centralisation of 
construction project management 
processes traditionally performed 
on site 

1) % of project management activities 
undertaken at a central location i.e. 
business unit office. 

2) Process operating costs reduced by $ 
amount 

Repeat work from 
clients 

Improve service to clients through 
�state of the art� technology 

1) % of clients providing repeat work 
to the business unit 

Reduced business 
unit overheads 

Reduced overhead costs due to IT 
induced continuous business 
process improvement 

1) Business unit overhead costs 
reduced by $ amount 

Increased market 
share 

IT implementation has enabled the 
organisation to provide a greater 
service to clients and thus increased 
the number of construction projects 
won by the business unit 

1) % increase in market share by 
business unit compared to previous 
period 

Improved business 
unit performance 

Improved performance in project 
level results from streamlining 
existing processes through IT 

1) % construction projects increasing 
profitability 

2) $ reduction in business unit  
overheads 

3) IT expenses per construction project 

Reliable and 
accurate reporting 
to corporate 
management 

Reliable and accurate business unit 
reports are provided to corporate 
management through IT.  

1) % of business unit reports produced 
through management information 
system 

2) % accuracy of business unit reports 
produced by management 
information systems 

 
Improved IT 
department 
productivity 

Ensure that the IT department 
performs efficiently and effectively 

1) Utilisation of IT employees 

Increased business 
unit growth 

IT enabled growth of business unit 
into new sector or through 
enhanced reputation as technology 
leader 

1) % increase in business unit turnover 
2) % increase in No. of construction 

projects won by business unit 
3) % increase in staff numbers 
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Table A.8 Technology/System perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Satisfactory IT 
quality 

Employing a quality IT system that 
operates with few instances of 
network crashes, hardware or 
software problems. 

1) % of construction project reporting 
�satisfactory� IT quality  

Successful IT 
project delivery 

Planned IT projects are successfully 
implemented on construction 
projects   

1) % of IT projects on time and within 
budget 

2) % of IT projects achieving all 
envisaged goals 

Satisfactory IT 
operation and 
maintenance 

IT portfolio managed and 
maintained successfully  

1) % IT budget devoted to maintenance 
2) Degree of satisfaction with IT 

operation and maintenance 

Efficient IT 
resource allocation 
within business 
unit 

Efficient use of IT resources within 
business unit 

1) % of business unit turnover 
allocated to IT resources (hardware 
and software) 

2) % of business unit turnover 
allocated to IT staff 

 
 

 

 

Table A.9  Strategic competitiveness perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Technology 
leadership 

Recognised as worldwide leader in 
adopting innovative technology.  

1) Perceived image of organisation by 
industry 

2) % of construction projects adopting 
latest technology  

Effective 
technology 
adoption 

The business unit can embrace new 
technology proposed for 
implementation 

1) Extent of business unit�s capability 
to adapt new technologies 

2) % of construction projects using 
internet/intranet capability 

Increased global 
collaboration 

Utilisation of national and 
international experience to 
undertake work on local 
construction projects 

1) Frequency of construction projects 
completed using national or 
international experience 
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Table A.10  User orientation perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Improved client 
satisfaction  

Clients are satisfied with the degree 
of information and support 
provided through IT means i.e. 
email, project web information 
management extranet etc. 

1) % of clients satisfied with the 
amount, accuracy and delivery of 
project information through IT 

Effective help desk 
support  

Ensuring that all organisational 
employees have access to an IT 
help desk that facilitates problem 
solving to the IT needs of 
employees 

1) No. and % of help desk staff that 
meet specific qualifications 

2) No and % of help desk staff whose 
work meets specific standards 

3) Hours of operation of help desk by 
time of day, specifically during 
critical periods of the day 

4) No. and % of users who, as a result 
of help desk support, report 
decreased delays in their work 

5) No. and % of staff and supervisors 
who report increased staff morale as 
a result of getting needed support 
from IT help desk 

Satisfactory level 
of IT training 

Users satisfied with the degree of 
IT training provided to business 
unit 

1) Average No. of training hours 
allocated to each construction 
project 

2) % of construction projects satisfied 
with allocated IT training budget 

3) % of business unit budget allocated 
to IT training and familiarisation 

4) Number or % of users at the 
required level of proficiency 

Satisfactory level 
of IT support 

Users satisfied with the degree of 
IT support provided to business unit 

1) % of construction projects satisfied 
with allocated IT support provided 

2) Ave. time to provide support to 
construction projects 

User satisfaction Ensuring that users are satisfied 
with IT applications and tools 
provided by business unit 

1) Employee satisfaction survey 
2) % of business unit management 

satisfied with IT applications  
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Table A.11  Operational perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Strategic match of 
IT 

The implementation of IT within 
the organisation strategically 
matches organisational goals and 
objectives.  

1) % IT strategies fully matched to 
enterprise strategy 

2) % planned IT benefits realised 
3) % company mission improvement 

(cost, time, quality, quantity attribute 
to IT solutions and services) 

Business practice 
re-engineering 

Changing business practice to 
ensure more efficient and effective 
employment of implemented IT 
portfolio. 

1) No. of procedures changed to suit IT 
requirements 

 

Improved 
administration 
efficiency 

IT employment reduces the amount 
of administration requirements for 
the organisation by automating 
processes. 

1) % reduction in administrative staff 
to undertake IT enhanced processes 

Effective 
technology 
integration 

New technology integration does 
not cause failures within the 
existing system because it is too 
advanced for the existing IT 
infrastructure 

1) No. of system failures due to poor 
interoperability of integrated 
hardware or software 

 

IT infrastructure 
availability 

Ensuring maximum availability of 
IT infrastructure to users reducing 
lost productivity due to waiting for 
systems or applications 

1) % computer availability 
2) % applications availability 
3) on-line system response time 

Rapid reporting Reliable and accurate corporate 
reports are provided through 
innovative IT. Electronic reporting 
of financial information to 
shareholders 

1) % of corporate reports produced 
through management information 
system 

2) % accuracy of corporate reports 
produced by management 
information systems 

Efficient IT 
resource usage 

Ensuring the most efficient use of 
IT resources within the organisation 
or with organisational partners 

1) % databases that can be shared 
between business units 

2) % hardware and software with 
interoperability capabilities 

3) % of resources devoted to IT 
planning and review of activities 

4) % of resources devoted to 
applications development 

Standardised 
business processes 

Facilitate a standardised 
procurement and payment 
computing environment through the 
implementation of standard 
processes 

1) No. of standard procedures reduced 
by �a� % over �b� years 

2) % of standard procedures employing 
IT 

Informed strategic 
decision-making 

IT portfolio enables improved 
strategic decision-making by senior 
executives 

1) % utilisation of management 
information systems by senior 
executives 

2) Time improvement in response 
times to organisational issues 
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Table A.12  Benefits perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Increasing 
shareholder value 

Increasing shareholder value 1) % increase in earnings per share 
(EPS) 

2) % increase in share price 
3) % increase in market capitalisation 
4) % increase in revenue 

Improved 
organisational 
performance 

Improved performance in business 
unit results resulting from 
streamlining existing processes 
through IT 

1) % business units increasing 
profitability 

2) $ reduction in organisational 
overheads 

3) IT expenses per staff member 
 

Less expensive 
reporting to 
shareholders 

Electronic reporting of shareholder 
information, reducing the need for 
document duplication, printing and 
forwarding costs 

1) % of shareholders requesting 
electronic shareholder information 

2) $ cost saving for reduced 
shareholder reporting 

Efficient IT 
Portfolio Analysis  

Effective review, analysis and 
disposal if necessary of IT 
hardware, software and 
applications. Ensuring the most 
effective deployment of the IT 
portfolio. 

1) % IT portfolio reviewed and 
disposed 

2) % compliance to approved IT 
solution deployment 

3) % reusability of core modules 

Increased 
profitability and 
growth 
 

Profitability and growth 
experienced by the organisation due 
to the implementation of IT. IT 
implementation has provided 
efficiencies in processes resulting in 
greater profitability 

1) % increases in profit due to IT 
implementation 

2) % increase in dividends to 
shareholders 

Increased market 
share 

IT implementation has enabled the 
organisation to increase market 
share 

1) % increase in market share 
compared to previous period 

Increased IT 
return on 
investment 

Implementing IT projects that 
provide greatest value for money. 

1) % of IT projects implemented on 
time, on budget 

2) IT expenses per employee 
3) IT budget as a % of revenue 
4) Return on Investment ROI 
5) Payback period 

Business growth 
due to IT enabled 
mergers and 
acquisitions 

Technology induced mergers or 
acquisitions  

1) No. of technology induced mergers 
or acquisitions with other 
organisations 

2) $ cost saving resulting from merger 
or acquisition 

Business growth 
due to IT enabled 
expansion into 
new markets 

Technology has enabled the 
organisation to expand into new 
sectors or markets 

1) No. of new businesses created due to 
IT implementation 
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Table A.13 Technology/System perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Integrity of system The organisational network must 
have a high degree of integrity. IT 
security systems must ensure that 
unauthorised access to the system is 
limited 

1) No. and % of users who report 
breaches (Such as unauthorised 
access to email) 

2) No. and % of users who comply 
with security regulations 

Effective network Operate an efficient and effective 
network 

1) No. of network problems or incident 
reports  

2) Increase or decline in system 
response times 

3) No. of administrators/technicians 
trained 

4) System availability by time of day, 
specifically critical periods of the 
day 

Architecture 
standards 
compliance 

Ensuring that consistent standards 
are employed when integrating new 
IT into the organisation to ensure 
maximum interoperability between 
systems 

1) % procurement exception to IT 
architecture standards 

2) No. of variations from standards 
detected by review and audit per 
year 

3) % increase in systems using 
standard IT architecture 

Efficient IT 
resource 
expenditure 

Gain maximum value from IT 
resources 

1) % of organisational turnover 
allocated to IT resources (hardware 
and software) 

2) % of organisational turnover 
allocated to IT staff 

 
Modern 
applications 
portfolio 

Having a reasonably modern IT 
applications portfolio by evaluating 
the IT age distribution, platform 
distribution and technical 
performance  

1) Age distribution of applications 
portfolio 

2) Platform distribution of applications 
portfolio 

3) Technical performance of 
applications portfolio 

Satisfactory IT 
quality 

Employing a quality IT system that 
operates with few instances of 
network crashes, hardware or 
software problems. 

1) Overall degree of satisfaction with 
IT quality (survey)  
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Table A.14 Strategic competitiveness perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Strategic alliances 
forged through 
electronic means 

To create a strong relationship 
alliances and partnerships through 
electronic means 

1) Frequency of alliances/partnerships 
forged through electronic means 

2) % of IT projects undertaken through 
joint development efforts 

IT enabled 
expansion into 
new markets 

Create a global strategy to market 
business skills and expand into 
emerging or existing markets  

1) % of company turnover from new 
businesses 

2) % increase in team size in new 
markets 

3) No. of business units created 
through IT technology 

Increased global 
collaboration 

IT  enabled globalised management 
of the organisation. Reduced 
management layers and worldwide 
team formulation 

1) % of projects employing 
international expertise through IT 

2) % increase in utilisation of global 
workforce 

Technology 
Leadership 

Recognised as worldwide leader in 
adopting innovative technology. 
Allocating funds to research into 
emerging technologies 

1) Perceived image of organisation by 
industry 

2) IT research budget as % of the 
overall IT budget 

Increasing 
business 
competitiveness 

IT provides business 
competitiveness to the organisation  
by streamlining systems, reducing 
overheads etc. 

1) Shareholder satisfaction with 
strategic IT planning 
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Table A.15  User orientation perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

IT facilitation of 
company alliances 

Increased partnering to undertake 
large projects. Clients being 
involved with organisational IT 
initiatives 

1) % clients attending IT investment 
meetings 

 

Improved client 
satisfaction 

Ensuring that clients are satisfied 
with IT applications and tools 
provided by organisation 

1) % clients reporting full use of 
applications 

2) % clients satisfied with IT 
applications design 

3) % clients satisfied with IT 
maintenance and support 

4) % IT products launched on time 
 

User satisfaction Ensuring that users are satisfied 
with IT applications and tools 
provided by organisation 

1) Perceived image of IT support staff 
by end-users (survey) 

2) Index of user friendliness of 
applications 

3) Index of functionality of 
applications 

4) Index of user satisfaction  
5) Training budget as % of total IT 

budget 
6) % IT budget devoted to training and 

staff development 

IT employee 
satisfaction 

Ensure that IT employees skills are 
developed through technical 
training 

1) Turnover/retention of IT staff 
2) Perceived satisfaction of IT 

employees 
3) No. of ideas received and adopted 

from IT staff  
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APPENDIX  B 
 
 
 

SCREENED IT PERFORMANCE INDICATORS, 

OBJECTIVES AND MEASURES 
 

 

1. General Remarks 

 

One of the aims of the research method used was the development a comprehensive list of IT 

performance indicators, objectives and measures, at the three decision-making tiers of a 

construction organisation (i.e. project, business unit and enterprise tiers). The tables displayed in 

the following sections detail the screened IT performance indicators, objectives measures 

associated with each IT performance perspective.  

 

2. Project Tier 

 

As previously explained, the project tier of a construction organisation is concerned with 

construction projects. This tier is concerned with measuring influence of IT on construction 

project work processes. These processes can generally be evaluated immediately or in the short-

term and may include employee productivity, progress claim approval and user satisfaction. 

Tables B.1 through to B.5 detail the screened project tier IT performance indicators, objectives 

and measures associated with each IT performance perspective. 

 

3. Business Unit Tier 

 

As previously explained, the business unit tier is concerned with a division of the construction 

organisation which incorporates a number of construction projects on a national or international 

basis. This tier is concerned with the influence of IT on business unit processes consisting 

mainly of management, financial and coordination processes. These processes are generally 

evaluated in the medium to long term and aggregate IT performance results on the various 
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construction projects undertaken by the business unit. Tables B.6 through to B.10 detail the 

screened business unit tier IT performance indicators, objectives and measures associated with 

each IT performance perspective. 

 

4. Enterprise Tier 

 

As previously explained, the enterprise tier is concerned with the corporate activities of the 

construction organisation. The tier incorporates the operating performance of each business unit 

of the organisation. This tier is concerned with the influence of IT on the overall performance of 

the organisation and is primarily concerned with outcome orientated performance indicators and 

measures such as shareholder value, profitability, and business competitiveness. These 

processes are generally evaluated in the long term and aggregate IT performance results of each 

business unit of the organisation. Tables B.11 through to B.15 details screened enterprise tier IT 

performance indicators, objectives and measures associated with each IT performance 

perspective. 
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Table B.1 Operational perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

IT-enhanced 
processing of 
progress claims  

Project staff are proficient at 
processing progress claims using IT 
applications/tools. IT assists in the 
efficient transfer and handling of 
progress claims 

1) % of users proficient at using IT-
based progress claim applications 
and tools 

2) % of claims transferred using IT 
applications/tools 

Improved contract 
administration  

Project staff are proficient with the 
use of IT-based contract 
administration procedures. IT 
assists in the efficient transfer and 
handling of project documents. 

1) % of users proficient with IT-based 
contract administration procedures 
employed on the project 

2) % of documents transferred using IT 
applications/tools 

IT-enhanced 
coordination and 
communication  

Improved coordination and 
communication among project 
participants.  
 

1) No. of conflicts resulting from lack 
of coordination reduced by �a� % 

2) Time spent on re-work arising from 
lack of coordination reduced by 
�a�% 

IT-enhanced 
decision-making 
process 

Better and faster decision-making  1) Time taken to arrive at decision 
reduced by �a� % 

Faster reporting 
and feedback  

Information is made available to the 
entire project team as soon as it is 
ready 

1) Time taken to report changes to 
management 

2) Time spent on reporting to total time 
at work, reduced by �a� % 

Reduced 
unnecessary site 
visits 

Reduction in time spent on site 
required by project management 
team addressing site issues 

1) The ratio of No. of off-site 
inspections undertaken using IT 
tools (web-camera) etc. to total 
number of site inspections 
undertaken 

 
Reduced No. of 
Quality Assurance 
(QA) non-
conformances 

Reduced number of QA non-
conformances through IT 

1) The ratio of the No. of QA non-
conformances for the IT-based 
system to the No. of QA non-
conformances for traditional QA 
system 
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Table B.2 Benefits perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Time savings due 
to efficient 
document 
management 

Eliminate labour-intensive 
processes, duplicate data entry, 
document duplication and paper 
handling tasks  

1) Time taken to undertake document 
management tasks reduced by �a� % 

2)  Photocopier utilisation reduced by 
�a� % 

Reduced multiple 
handling of 
documents 

Eliminate labour-intensive 
processes, duplicate data entry, 
document duplication and paper 
handling tasks 

1) % of documents stored 
electronically 

2) Frequency of documents transferred 
electronically 

Improved 
document quality 

Reduced re-work resulting from 
construction being undertaken from 
superseded information 

1) Re-work on construction project(s) 
reduced by �a� % 

2) Frequency of �RFI�s� issued by the 
contractor 

Realised cost 
savings 

IT-induced reduction in 
communication costs between 
project participants. Using email, e-
conferencing etc. instead of more 
costly meetings, mobile phone calls 
etc. 

1) Project overhead costs reduced by $ 
amount 

2) Site supervision costs reduced by $ 
amount 

3) Document duplication costs reduced 
by �a� % 

Quicker response 
times 

Latest version information posted 
immediately to all project 
participants. Quicker response to 
project management issues and 
approvals 

1) Response time to RFI�s compared to 
BAU reduced by �a�% 

Optimise staff 
utilisation 

Optimise staff utilisation due to IT 
introduction i.e. reduced travel, 
improved communication, 
information retrieval 

1) Staff productivity improves by �a� 
%. 

Streamlining of 
processes 

Streamline existing construction 
management and engineering 
processes using innovative IT 

1) No. of project processes re-
engineered using IT 

2) % saving in time to undertake 
process compared to BAU reduced 
by �a�% 

Improved client 
satisfaction 

Client is satisfied with the service 
provided by the projects IT-based 
project management systems 

1) Frequency of written complaints 
made by client decreased by �%� 
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Table B.3 Technology/System perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Reliability of IT 
tool 

Implementing a reliable IT system 
that operates with few instances of 
network crashes, hardware or 
software problems. 

1) No. of network crashes reduced by 
�a�% 

2) No. of requests for IT support 
reduced by �a�% 

Appropriateness 
for application 
/function 

Implemented IT project(s) are 
appropriate for application/function 

1) No. of project processes re-
engineered using IT 

 

User friendliness Implemented IT project(s) are user 
friendly 

1) % of project participants reporting 
satisfaction with the implemented IT 
project(s) user friendliness 

Improved quality 
of output 

Output derived from implemented 
IT project(s) is of a high quality 

1) % of project participants reporting 
satisfaction with the output of 
implemented IT project(s) 

Effective system 
security 

Provide a secure network for 
construction project participants 

1) Frequency of reported incidents 
(security breaches) 

2) Time taken to identify and resolve 
incidents 

Suitability for site 
conditions 

Implemented IT project(s) are 
suitable for site conditions.  

1) % of project participants reporting 
satisfaction with suitability of 
implemented IT project(s) for site 
conditions 

 
Table B.4 Strategic competitiveness perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Improved staff 
computer literacy 

Increased levels of computer 
literacy for project participants 

1) % of project participants proficient 
with IT applications and tools 

Enhanced 
organisational 
competitiveness 

The organisation becomes more 
competitive as a direct result of IT 
implementation on construction 
projects 

1) % increase in profitability on 
construction projects compared to 
BAU 

 

Enhanced 
organisation 
image 

Being the leader in construction 
project management and 
procurement through the use of 
innovative technology 

1) No. of excellence awards received 
by industry  

 

Project alliances 
forged through 
electronic means 

Incorporating e-commerce 
initiatives to streamline interaction 
between project participants 

1) Utilisation of IT applications for 
interfacing with client and suppliers 
increased by �a�% 

Ability to attract 
more sophisticated 
clients  

Gaining market respect and repeat 
work through service quality and 
performance enhancement achieved 
through innovative technology 

1) % of clients providing repeat work 
2) New clients increased by �a�% 
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Table B.5  User orientation perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Satisfactory level 
and frequency of 
IT training 

Provide cost effective IT training 
sessions to users of technology. 
Achieve a satisfactory level of IT 
training proficiency 

1) % of project budget invested in IT 
training and familiarisation 

2) % of users at the required level of IT 
proficiency 

3) % increase or decrease of user calls 
to IT-assist help desk 

Satisfactory level 
and frequency of 
IT Support 

Provide responsive IT support staff 
and decreased user reliance on 
technical support with time 

1) Response time on request for help 
2) % of project budget devoted to IT 

support 

Effective IT 
utilisation 

Effective use of introduced IT 
hardware and software by project 
participants and the degree of 
resistance to new technology. 

1) Ratio of No. of user regularly using 
the system to the total number of 
employees expected to make use of 
the system 

2) % of users reporting full use of IT 
applications 

3) No. of user complaints regarding 
system availability 

User satisfaction 
(user, client, other) 

User/client/other project participant 
satisfied with applications, output, 
training, technical support etc.  

1) % of users satisfied with IT 
applications (survey) 
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Table B.6  Operational perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Improved data 
sharing 

Optimise, streamline and integrate 
disparate procurement automated 
systems, sub-systems, and 
databases.  

1) % of documents transferred 
electronically  

Better and faster 
decision-making 

Better and faster decision-making 
by business unit managers 

1) Time taken to arrive at a 
construction project related decision 
reduced by �a� % 

 
Rapid reporting Reliable and accurate management 

reports are provided through 
innovative IT, reducing the amount 
of administration required for 
reporting 

1) % of management reports produced 
through management information 
system 

2) % accuracy of management reports 
produced by management 
information systems 

 
Improved 
coordination and 
communication 

Improved communication among 
between construction projects and 
business unit 

1) No. of conflicts resulting from lack 
of coordination reduced by �a� % 

2) Time spent on re-work arising from 
lack of coordination reduced by 
�a�% 

Effective business 
unit procedures 

IT assists in the efficient 
development and maintenance of 
business unit procedures 

1) % of business unit costs spent on 
administration 

2) Ratio of No. of IT-based procedures 
followed to the total No. of 
procedures employed by business 
unit 

Standardised 
business unit 
processes 

Facilitate the integration of a 
standardised  procurement and 
payment computing environment 
for all construction projects 

1) % of construction projects 
employing standardised procurement 
and payment computing processes 

 

Effective 
technology 
integration 

New technology integration does 
not cause failures within the 
existing system  

1) No. of construction projects 
reporting poor interoperability of 
hardware and software 
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Table B.7 Benefits perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Greater return on 
construction 
projects 

IT implementation facilitates 
improvement in work process 
efficiency resulting in improved 
construction project margins 

1) % increase in construction profit 
profit margins 

Reduced 
communication 
costs 

IT implementation facilitates more 
effective communication between 
construction projects and the 
business unit through applications 
such as project webs, email, e-
conferencing etc 

1) Degree of satisfaction with 
relationship between business unit 
managers and construction project 
managers (survey) 

2) % of meetings conducted using e-
conferencing 

IT enabled 
centralisation of 
construction 
management 
processes 

IT enabled centralisation of 
construction project management 
processes traditionally performed 
on site 

1) % of project management activities 
undertaken at a central location i.e. 
business unit office. 

2) Process operating costs reduced by $ 
amount 

Repeat work from 
clients 

Improve service to clients through 
�state of the art� technology 

1) % of clients providing repeat work 
to the business unit 

Reduced business 
unit overheads 

Reduced overhead costs due to IT 
induced continuous business 
process improvement 

1) Business unit overhead costs 
reduced by $ amount 

Increased market 
share 

IT implementation has enabled the 
organisation to provide a greater 
service to clients and thus increased 
the number of construction projects 
won by the business unit 

1) % increase in market share by 
business unit compared to previous 
period 

2) % increase in business unit turnover 
 

Improved business 
unit performance 

Improved performance in project 
level results from streamlining 
existing processes through IT 

1) Ave. % increase in profitability on 
construction projects 

2) $ reduction in business unit  
overheads 

3) IT expenses per construction project 

Reliable and 
accurate reporting 
to corporate 
management 

Reliable and accurate business unit 
reports are provided to corporate 
management through IT.  

1) % of business unit reports produced 
through management information 
system 

2) % accuracy of business unit reports 
produced by management 
information systems 

 
Improved IT 
department 
productivity 

Ensure that the IT department 
performs efficiently and effectively 

1) Utilisation of IT employees 
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Table B.8 Technology/System perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Anticipate IT 
requirements of 
construction 
projects 

Business unit anticipates necessary 
IT requirements of construction 
projects   

1) No. of effective IT applications 
introduced on construction projects 
by business unit  

Satisfactory IT 
quality 

Employing a quality IT system that 
operates with few instances of 
network crashes, hardware or 
software problems. 

1) % of construction project reporting 
�satisfactory� IT quality  

Successful IT 
project delivery 

Planned IT projects are successfully 
implemented on construction 
projects   

1) % of IT projects on time and within 
budget 

2) % of IT projects achieving all 
envisaged goals 

Anticipate IT 
requirements of 
construction 
projects 

Business unit anticipates necessary 
IT requirements of construction 
projects. 

1) No. of effective IT applications 
introduced on construction projects 
by business unit 

Satisfactory IT 
operation and 
maintenance 

IT portfolio managed and 
maintained successfully  

1) % IT budget devoted to maintenance 
2) Degree of satisfaction with IT 

operation and maintenance 

Efficient IT 
resource allocation 
within business 
unit 

Efficient use of IT resources within 
business unit 

1) % of business unit turnover 
allocated to IT resources (hardware 
and software) 

2) % of business unit turnover 
allocated to IT staff 

 
 

 

 

Table B.9  Strategic competitiveness perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Technology 
leadership 

Recognised as worldwide leader in 
adopting innovative technology.  

1) Perceived image of organisation by 
industry 

2) % of construction projects adopting 
latest technology  

Effective 
technology 
adoption 

The business unit can embrace new 
technology proposed for 
implementation 

1) % of construction projects using 
Internet/intranet capability 

Increased global 
collaboration 

Utilisation of national and 
international experience to 
undertake work on local 
construction projects 

1) Frequency of construction projects 
completed using national or 
international experience 
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Table B.10 User orientation perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Improved client 
satisfaction  

Clients are satisfied with the degree 
of information and support 
provided through IT means i.e. e-
mail, project web information 
management extranet etc. 

1) % of clients satisfied with the 
amount, accuracy and delivery of 
project information through IT 

Effective help desk 
support  

Ensuring that all organisational 
employees have access to an IT 
help desk that facilitates problem 
solving to the IT needs of 
employees 

1) % of help desk staff whose work 
meets specific standards 

2) Hours of operation of help desk by 
time of day, specifically during 
critical periods of the day 

3) % of users who, as a result of help 
desk support, report decreased 
delays in their work 

4) % of staff and supervisors who 
report increased staff morale as a 
result of getting needed support from 
IT help desk 

Satisfactory level 
of IT training 

Users satisfied with the degree of 
IT training provided to business 
unit 

1) Average No. of training hours 
allocated to each construction 
project 

2) % of construction projects satisfied 
with allocated IT training budget 

3) % of business unit budget allocated 
to IT training and familiarisation 

4) Number or % of users at the 
required level of proficiency 

IT use Effective use of IT applications and 
tools within business unit 

1) % of construction projects 
undertaken by business unit 
reporting satisfactory level of IT use 

Satisfactory level 
of IT support 

Users satisfied with the degree of 
IT support provided to business unit 

1) % of construction projects satisfied 
with allocated IT support provided 

2) Ave. time to provide support to 
construction projects 

User satisfaction Ensuring that users are satisfied 
with IT applications and tools 
provided by business unit 

1) Employee satisfaction survey 
2) % of business unit management 

satisfied with IT applications  
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Table B.11  Operational perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Strategic match of 
IT 

The implementation of IT within 
the organisation strategically 
matches organisational goals and 
objectives.  

1) % IT strategies fully matched to 
enterprise strategy 

2) % planned IT benefits realised 
3) % company mission improvement 

(cost, time, quality, quantity attribute 
to IT solutions and services) 

Business practice 
re-engineering 

Changing business practice to 
ensure more efficient and effective 
employment of implemented IT 
portfolio. 

1) No. of procedures changed to suit IT 
requirements 

 

Improved 
administration 
efficiency 

IT employment reduces the amount 
of administration requirements for 
the organisation by automating 
processes. 

1) % reduction in administrative staff 
to undertake IT enhanced processes 

Effective 
technology 
integration 

New technology integration does 
not cause failures within the 
existing system because it is too 
advanced for the existing IT 
infrastructure 

1) No. of system failures due to poor 
interoperability of integrated 
hardware or software 

 

Rapid reporting Reliable and accurate corporate 
reports are provided through 
innovative IT. Electronic reporting 
of financial information to 
shareholders 

1) % of corporate reports produced 
through management information 
system 

2) % accuracy of corporate reports 
produced by management 
information systems 

Efficient IT 
resource usage 

Ensuring the most efficient use of 
IT resources within the organisation 
or with organisational partners. 
Ensuring maximum availability of 
IT infrastructure to users. 

1) % databases that can be shared 
between business units 

2) % hardware and software with 
interoperability capabilities 

3) % of resources devoted to 
applications development 

4) % computer availability 
5) % applications availability 

Standardised 
business processes 

Facilitate a standardised 
procurement and payment 
computing environment through the 
implementation of standard 
processes 

1) No. of standard procedures reduced 
by �a� % over �b� years 

2) % of standard procedures employing 
IT 

Informed strategic 
decision-making 

IT portfolio enables improved 
strategic decision-making by senior 
executives 

1) % utilisation of management 
information systems by senior 
executives 

2) Time improvement in response 
times to organisational issues 
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Table B.12 Benefits perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Increasing 
shareholder value 

Increasing shareholder value 1) % increase in earnings per share 
(EPS) 

2) % increase in share price 
3) % increase in market capitalisation 
4) % increase in revenue 

Improved 
operational 
performance 

Improved performance in business 
unit results resulting from 
streamlining existing processes 
through IT 

1) % business units increasing 
profitability 

2) $ reduction in organisational 
overheads 

3) IT expenses per staff member 
 

Less expensive 
reporting to 
shareholders 

Electronic reporting of shareholder 
information, reducing the need for 
document duplication, printing and 
forwarding costs 

1) % of shareholders requesting 
electronic shareholder information 

2) $ cost saving for reduced 
shareholder reporting 

Efficient IT 
Portfolio Analysis  

Effective review, analysis and 
disposal if necessary of IT 
hardware, software and 
applications. Ensuring the most 
effective deployment of the IT 
portfolio. 

1) % IT portfolio reviewed and 
disposed 

2) % compliance to approved IT 
solution deployment 

3) % reusability of core modules 

Increased 
profitability and 
growth 
 

Profitability and growth 
experienced by the organisation due 
to the implementation of IT. IT 
implementation has provided 
efficiencies in processes resulting in 
greater profitability 

1) % increases in profit due to IT 
implementation 

2) % increase in dividends to 
shareholders 

Increased market 
share 

IT implementation has enabled the 
organisation to increase market 
share 

1) % increase in market share 
compared to previous period 

Increased IT 
return on 
investment 

Implementing IT projects that 
provide greatest value for money. 

1) % of IT projects implemented on 
time, on budget 

2) IT expenses per employee 
3) IT budget as a % of revenue 
4) Return on Investment ROI 
5) Payback period 

Business growth 
due to IT enabled 
mergers and 
acquisitions 

Technology induced mergers or 
acquisitions  

1) No. of technology induced mergers 
or acquisitions with other 
organisations 

2) $ cost saving resulting from merger 
or acquisition 

Business growth 
due to IT enabled 
expansion into 
new markets 

Technology has enabled the 
organisation to expand into new 
sectors or markets 

1) No. of new businesses created due to 
IT implementation 
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Table B.13 Technology/System perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Integrity of system The organisational network must 
have a high degree of integrity. IT 
security systems must ensure that 
unauthorised access to the system is 
limited 

1) No. and % of users who report 
breaches (Such as unauthorised 
access to email) 

2) No. and % of users who comply 
with security regulations 

Effective network Operate an efficient and effective 
network 

1) No. of network problems or incident 
reports  

2) Increase or decline in system 
response times 

3) No. of administrators/technicians 
trained 

4) System availability by time of day, 
specifically critical periods of the 
day 

Architecture 
standards 
compliance 

Ensuring that consistent standards 
are employed when integrating new 
IT into the organisation to ensure 
maximum interoperability between 
systems 

1) % procurement exception to IT 
architecture standards 

2) No. of variations from standards 
detected by review and audit per 
year 

3) % increase in systems using 
standard IT architecture 

Efficient IT 
resource 
expenditure 

Gain maximum value from IT 
resources 

1) % of organisational turnover 
allocated to IT resources (hardware 
and software) 

2) % of organisational turnover 
allocated to IT staff 

 
Modern 
applications 
portfolio 

Having a reasonably modern IT 
applications portfolio by evaluating 
the IT age distribution, platform 
distribution and technical 
performance  

1) Age distribution of applications 
portfolio 

2) Platform distribution of applications 
portfolio 

3) Technical performance of 
applications portfolio 

Satisfactory IT 
quality 

Employing a quality IT system that 
operates with few instances of 
network crashes, hardware or 
software problems. 

1) Overall degree of satisfaction with 
IT quality (survey)  
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Table B.14 Strategic competitiveness perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Strategic alliances 
forged through 
electronic means 

To create a strong relationship 
alliances and partnerships through 
electronic means 

1) Frequency of alliances/partnerships 
forged through electronic means 

2) % of IT projects undertaken through 
joint development efforts 

IT enabled 
expansion into 
new markets 

Create a global strategy to market 
business skills and expand into 
emerging or existing markets  

1) % of company turnover from new 
businesses 

2) % increase in team size in new 
markets 

3) No. of business units created 
through IT technology 

Increased global 
collaboration 

IT  enabled globalised management 
of the organisation. Reduced 
management layers and worldwide 
team formulation 

1) % of projects employing 
international expertise through IT 

2) % increase in utilisation of global 
workforce 

Technology 
Leadership 

Recognised as worldwide leader in 
adopting innovative technology. 
Allocating funds to research into 
emerging technologies 

1) Perceived image of organisation by 
industry 

2) IT research budget as % of the 
overall IT budget 

Increasing 
business 
competitiveness 

IT provides business 
competitiveness to the organisation  
by streamlining systems, reducing 
overheads etc. 

1) Shareholder satisfaction with 
strategic IT planning 

 

Table B.15 User orientation perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Improved client 
satisfaction 

Ensuring that clients are satisfied 
with IT applications and tools 
provided by organisation 

1) % clients reporting full use of 
applications 

2) % clients satisfied with IT 
applications design 

3) % clients satisfied with IT 
maintenance and support 

 
Effective IT use Effective use of IT applications and 

tools by business units 
1) % of business units reporting 

satisfactory use of IT applications 
and tools 

User satisfaction Ensuring that users are satisfied 
with IT applications and tools 
provided by organisation 

1) Perceived image of IT support staff 
by end-users (survey) 

2) Training budget as % of total IT 
budget 

3) % IT budget devoted to training and 
staff development 

IT employee 
satisfaction 

Ensure that IT employees skills are 
developed through technical 
training 

1) Turnover/retention of IT staff 
2) Perceived satisfaction of IT 

employees (survey) 
3) No. of ideas received and adopted 

from IT staff  
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APPENDIX  C 
 
 
 

REFINED PROJECT TIER IT PERFORMANCE 

INDICATORS, OBJECTIVES AND MEASURES 
 
 
1. Project Tier 

 

As previously explained, the project tier of a construction organisation is concerned with 

construction projects. This tier is concerned with measuring the influence of IT on construction 

project work processes. These processes can generally be evaluated immediately or in the short-

term and may include employee productivity, progress claim approval and user satisfaction. 

Tables C.1 through to C.5 detail the refined project tier IT performance indicators, objectives 

and measures associated with each IT performance perspective. 
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Table C.1 Operational Perspective (OP) indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

IT-enhanced 
processing of 
progress claims 
(OP1) 

Project staff are proficient at 
processing progress claims using IT 
applications/tools. IT assists in the 
efficient transfer and handling of 
progress claims 

1) % of users proficient at using IT-
based progress claim applications 
and tools (OP1-M1) 

2) % of claims transferred using IT 
applications/tools (OP1-M2) 

Improved contract 
administration 
(OP2) 

Project staff are proficient with the 
use of IT-based contract 
administration procedures. IT 
assists in the efficient transfer and 
handling of project documents. 

1) % of users proficient with IT-based 
contract administration procedures 
employed on the project (OP2-M1) 

2) % of documents transferred using IT 
applications/tools (OP2-M2) 

IT-enhanced 
coordination and 
communication 
(OP3) 

Improved coordination and 
communication among project 
participants.  
 

1) No. of conflicts resulting from lack 
of coordination reduced by �a� % 
(OP3-M1) 

2) Time spent on re-work arising from 
lack of coordination reduced by 
�a�% (OP3-M2) 

Faster reporting 
and feedback 
(OP4) 

Information is made available to the 
entire project team as soon as it is 
ready 

1) Time taken to report changes to 
management (OP4-M1) 

2) Time spent on reporting to total time 
at work, reduced by �a� % (OP4-
M2) 

Quicker response 
times (OP5) 

Latest version information posted 
immediately to all project 
participants. Quicker response to 
project management issues and 
approvals 

1) Response time to RFI�s compared to 
BAU reduced by �a�% (OP5-M1) 

Optimise staff 
utilisation (OP6) 

Optimise staff utilisation due to IT 
introduction i.e. reduced travel, 
improved communication, 
information retrieval 

1) Staff productivity improves by �a� 
% (OP6-M1) 
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Table C.2 Benefits (BE) perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Time savings due 
to efficient 
document 
management 
(BE1) 

Eliminate labour-intensive 
processes, duplicate data entry, 
document duplication and paper 
handling tasks  

1) Time taken to undertake document 
management tasks reduced by �a� % 
(BE1-M1) 

2)  Photocopier utilisation reduced by 
�a� % (BE1-M2) 

Reduced multiple 
handling of 
documents (BE2) 

Eliminate labour-intensive 
processes, duplicate data entry, 
document duplication and paper 
handling tasks 

1) % of documents stored 
electronically (BE2-M1) 

2) Frequency of documents transferred 
electronically (BE2-M2) 

Improved 
document quality 
(BE3) 

Reduced re-work resulting from 
construction being undertaken from 
superseded information 

1) Re-work on construction project(s) 
reduced by �a� % (BE3-M1) 

2) Frequency of �RFI�s� issued by the 
contractor (BE3-M2) 

Realised cost 
savings (BE4) 

IT-induced reduction in 
communication costs between 
project participants. Using email, e-
conferencing etc. instead of more 
costly meetings, mobile phone calls 
etc. 

1) Project overhead costs reduced by $ 
amount (BE4-M1) 

2) Site supervision costs reduced by $ 
amount (BE4-M2) 

3) Document duplication costs reduced 
by �a� % (BE4-M3) 

 

 

Table C.3 Technology/System (TS) perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Reliability of IT 
tool (TS1) 

Implementing a reliable IT system 
that operates with few instances of 
network crashes, hardware or 
software problems. 

1) No. of network crashes reduced by 
�a�% (TS1-M1) 

2) No. of requests for IT support 
reduced by �a�% (TS1-M2) 

Appropriateness 
for application 
/function (TS2) 

Implemented IT project(s) are 
appropriate for application/function 

1) No. of project processes re-
engineered using IT (TS2-M1) 

 

Improved quality 
of output (TS3) 

Output derived from implemented 
IT project(s) is of a high quality 

1) % of project participants reporting 
satisfaction with the output of 
implemented IT project(s) (TS3-M1) 

Effective system 
security (TS4) 

Provide a secure network for 
construction project participants 

1) Frequency of reported incidents 
(security breaches) (TS4-M1) 

2) Time taken to identify and resolve 
incidents (TS4-M2) 

Suitability for site 
conditions (TS5) 

Implemented IT project(s) are 
suitable for site conditions.  

1) % of project participants reporting 
satisfaction with suitability of 
implemented IT project(s) for site 
conditions (TS5-M1) 
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Table C.4 Strategic Competitiveness (SC) perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Improved client 
satisfaction (SC1) 

Client is satisfied with the service 
provided by the projects IT-based 
project management systems 

1) Frequency of written complaints 
made by client decreased by �%� 
(SC1-M1) 

Enhanced 
organisational 
competitiveness 
(SC2) 

The organisation becomes more 
competitive as a direct result of IT 
implementation on construction 
projects 

1) % increase in profitability on 
construction projects compared to 
BAU (SC2-M1) 

 

Enhanced 
organisation 
image (SC3) 

Being the leader in construction 
project management and 
procurement through the use of 
innovative technology 

1) No. of excellence awards received 
by industry (SC3-M1) 

 

Project alliances 
forged through 
electronic means 
(SC4) 

Incorporating e-commerce 
initiatives to streamline interaction 
between project participants 

1) Utilisation of IT applications for 
interfacing with client and suppliers 
increased by �a�% (SC4-M1) 

Ability to attract 
more sophisticated 
clients (SC5) 

Gaining market respect and repeat 
work through service quality and 
performance enhancement achieved 
through innovative technology 

1) % of clients providing repeat work 
(SC5-M1) 

2) New clients increased by �a�%  
(SC5-M2) 
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Table C.5  User Orientation (UO) perspective indicators, objectives and measures 

Performance 
Indicator 

Performance Objective Performance Measure 

Satisfactory level 
and frequency of 
IT training (UO1) 

Provide cost effective IT training 
sessions to users of technology. 
Achieve a satisfactory level of IT 
training proficiency 

1) % of project budget invested in IT 
training and familiarisation (UO1-
M1) 

2) % of users at the required level of IT 
proficiency (UO1-M2) 

3) % increase or decrease of user calls 
to IT-assist help desk (UO1-M3) 

Satisfactory level 
and frequency of 
IT support (UO2) 

Provide responsive IT support staff 
and decreased user reliance on 
technical support with time 

1) Response time on request for help 
(UO2-M1) 

2) % of project budget devoted to IT 
support (UO2-M2) 

Effective IT 
utilisation (UO3) 

Effective use of introduced IT 
hardware and software by project 
participants and the degree of 
resistance to new technology. 

1) Ratio of No. of user regularly using 
the system to the total number of 
employees expected to make use of 
the system (UO3-M1) 

2) % of users reporting full use of IT 
applications (UO3-M2) 

3) No. of user complaints regarding 
system availability (UO3-M3) 

User satisfaction 
(user, client, other) 
(UO4) 

User/client/other project participant 
satisfied with applications, output, 
training, technical support etc.  

1) % of users satisfied with IT 
applications (survey) (UO4-M1) 

User friendliness 
(UO5) 

Implemented IT project(s) are user 
friendly 

1) % of project participants reporting 
satisfaction with the implemented IT 
project(s) user friendliness (UO5-
M1) 
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APPENDIX  D 
 
 
 

PROJECT TIER QUESTIONNAIRE  
 

PERFORMANCE EVALUATION OF INFORMATION TECHNOLOGY (IT) IN 
CONSTRUCTION 

 
CONSTRUCTION PROJECT LEVEL QUESTIONNAIRE - 2001 

 
This survey aims to solicit and consolidate industry knowledge for the formulation of an 
industry-based framework for IT performance evaluation in construction. You are requested to 
kindly fill in the questionnaire and post it as soon as possible to: Mr. Rodney Stewart, School 
of Engineering, Griffith University, PMB 50, GCMC, QLD 9726, Australia. Alternatively, 
you may fax it to Mr. Rodney Stewart at +61 (07) 5552 8065. The information will be used 
for academic purposes only, as one critical part of a PhD research project. Individual responses 
will be kept confidential. Only a consolidated summary of the results may be published. 
 
(A) Background of Survey Respondent (* Optional) 
 
First Name*:  Surname*:  

 

Position (please specify):  
 

Name of Organisation*:  
 

Your Organisation is: Private Government Quasi-government  
 

Contact Address*:  
 

Phone (w)*:  Mobile*:  
Fax (w)*:  Email*:  

 

Construction Experience (years): 
0-5  5-10  10-15 15-20  20+

 
IT Definition: This survey adopts an information-centric definition for the term Information 
Technology (IT) which encompasses the use of electronic machines and programs for the 
processing, storage, transfer and presentation of information (e.g. intranets, Internet, e-mail, 
wide area networks, video conferencing, etc.). This is to demonstrate the key role IT plays in 
improving the effectiveness of communication and information exchange in the context of 
managing a construction project.  
 
What IT applications and tools do you use?: 
 

Intranet  Internet e-mail Local Area Network (LAN)
 

Wide Area Network (WAN) Web-based project management application
 

Video Conferencing Online Remote Network (mobile)
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Have you implemented the above IT in the past: 5 Years 3 Years  1 Year
 

What has been the primary driving force for this change?: Client  Company 
Strategy

 
(B) IT Performance Perspectives, Indicators and Measures 
 
An initial study identified five perspectives for IT performance evaluation. These perspectives 
are designed to be broad in nature and encompass distinct areas where IT-induced performance 
improvement may derive.  Please provide the percentage (%) weighting you wish to allocate to 
each of the five perspectives. The total weighting of the five perspectives must sum to 100%. 
 
Perspective: description Weight (%) 
Operational Perspective: Concerned with the impact of IT on productivity 
and efficiency.  

 

Benefits Perspective: Investigates the link between IT implementation and 
associated tangible (monetary) and intangible (non-monetary, i.e. time 
savings) benefits. 

 

Technology/System Perspective: Refers to the hardware and software, 
covering issues such as tool performance, reliability, availability, security and 
suitability to the application/process.  

 

Strategic Competitiveness Perspective: Focuses on the long-term strategic 
goals of the organisation and how the newly implemented technology creates 
competitive advantage.  

 

User Orientation Perspective: Covers issues associated with the usage such 
as tool utilisation rate, availability of training and technical support and 
satisfaction with the tool.  

 

SUM 100% 
 
Each perspective incorporates a number of performance indicators. These indicators examine 
particular processes of the construction project where IT implementation can improve 
traditional processes. For example: 
------------------------------------------------------------------------------------------------------------------------------- 
Performance Indicator: Improved progress claim efficiency 
Performance Measure: Cycle time from commencement of claim to payment reduced by �a� % 
------------------------------------------------------------------------------------------------------------------------------- 
 
For the purpose of this questionnaire, only performance indicators will be surveyed. In your 
opinion and on a scale of 1-5, please rate the importance level of the listed performance 
indicators within each perspective: 
 
 
 
 
 
 

Very important Important Somewhat important Slightly importantNot important 

54 321

Operational Perspective: Concerned with the impact of IT on productivity and efficiency.  
 

IT-enhanced processing of progress claims 1 2 3 4 5 
Improved contract administration 1 2 3 4 5 
IT-enhanced coordination and communication 1 2 3 4 5 
IT-enhanced decision-making process 1 2 3 4 5 
Faster reporting and feedback 1 2 3 4 5 
Reduced unnecessary site visits 1 2 3 4 5 
Reduced number of Quality Assurance (QA) non-conformances  1 2 3 4 5 
Other (please specify): 1 2 3 4 5 

Lifecycle Management of IT Projects in Construction  



Appendix D-3 

 
Benefits Perspective: Investigates the link between IT implementation and associated tangible 
and intangible benefits. 
 

Time savings due to efficient document management 1 2 3 4 5 
Reduced multiple handling of documents 1 2 3 4 5 
Improved document quality  1 2 3 4 5 
Realised cost savings 1 2 3 4 5 
Quicker response times 1 2 3 4 5 
Optimise staff utilisation 1 2 3 4 5 
Streamlining of processes  1 2 3 4 5 
Improved client satisfaction 1 2 3 4 5 
Other (please specify): 1 2 3 4 5 

 
Technology/System Perspective: Refers to the hardware and software, covering issues such as 
tool performance, reliability, availability, security and suitability to the application/process.  

 
Reliability of IT tool 1 2 3 4 5 
Appropriateness for application/function 1 2 3 4 5 
User friendliness 1 2 3 4 5 
Improved quality of output 1 2 3 4 5 
Effective system security 1 2 3 4 5 
Suitability for site conditions 1 2 3 4 5 
Other (please specify): 1 2 3 4 5 

 
Strategic Competitiveness Perspective: Focuses on the long-term strategic goals of the 
organisation and how the newly implemented technology creates competitive advantage.  

  
Improved staff computer literacy 1 2 3 4 5 
Enhanced organisational competitiveness 1 2 3 4 5 
Enhanced organisational image 1 2 3 4 5 
Project alliances forged through electronic means 1 2 3 4 5 
Ability to attract  more sophisticated clients 1 2 3 4 5 
Other (please specify): 1 2 3 4 5 

 
User Orientation Perspective: Covers issues associated with the usage such as tool utilisation 
rate, availability of training and technical support and satisfaction with the tool.  
 

Satisfactory level and frequency of IT training 1 2 3 4 5 
Satisfactory level and frequency of IT support 1 2 3 4 5 
Effective IT utilisation 1 2 3 4 5 
User satisfaction (user, client, other) 1 2 3 4 5 
Other (please specify): 1 2 3 4 5 

 
(C) Relationship between IT performance indicators and perspectives (goals) 
 
The following questions relate to the importance of IT performance indicators to the five 
perspectives (goals) detailed above. For example, for the importance of the indicator �improved 
contract administration� on the five perspectives, can be described as follows: 
• Very important (score 5) to the operational perspective since IT may streamline contract 

administration processes.  
• Important (score 4) to the benefits perspective since improved contract administration will 

generate cost savings to the organisation. 
• Somewhat important (score 3) to the technology/system perspective because if the IT 

hardware or software fails the user will have to resort to manual procedures etc. 
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Please use the following rating scale to rate the importance of each performance indicator to 
each perspective:  
 
 
 
 
 

Very important Important Somewhat important Slightly importantNot important 

54 321

IT Performance Indicator      

Example: Improved contract administration 5 4 3 4 3 
IT-enhanced processing of progress claims      
Improved contract administration      
IT-enhanced coordination and communication      
IT-enhanced decision-making process      
Faster reporting and feedback      
Reduced unnecessary site visits      
Reduced number of QA non-conformances       
Time savings due to efficient doc. management      
Reduced multiple handling of documents      
Improved document quality       
Realised cost savings      
Quicker response times      
Optimise staff utilisation      
Streamlining of processes       
Improved client satisfaction      
Reliability of IT tool      
Appropriateness for application/function      
User friendliness      
Improved quality of output      
Effective system security      
Suitability for site conditions      
Improved staff computer literacy      
Enhanced organisational competitiveness      
Enhanced organisational image      
Project alliances forged through electronic means      
Ability to attract  more sophisticated clients      
Satisfactory level and frequency of IT training      
Satisfactory level and frequency of IT support      
Effective IT utilisation      
User satisfaction (user, client, other)      
Other (please detail indicators listed above, if 
any): 

     

1.      
2.      
3.      
4.      
5.      
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APPENDIX  E 
 
 
 

VALIDATION STUDY QUESTIONNAIRE  
 

Information Technology (IT) Performance Evaluation  
Questionnaire Survey 

 
The objective of this survey is to measure the level of user satisfaction with IT for the 
processing, storage, transfer and presentation of project information (e.g. Intranets, Internet, e-
mail, wide area networks, video conferencing, etc.), and assess related improvements compared 
to Business As Usual (BAU) practices. For the purpose of this survey, BAU practices were 
those adopted prior to IT implementation within your organisation. 
 
Please Note: This survey should take no longer than 5 minutes. 
 
Rate the issues below using the scale (please tick the appropriate box ✓ ): 
 

Compared to BAU practices, to what extent would you say IT 
has helped in: Si

gn
ifi

ca
nt

 
de

tr
im

en
t 

So
m

e 
de

tr
im

en
t 

N
o 

ch
an

ge
 

So
m

e 
Im

pr
ov

em
en

t 

Si
gn

ifi
ca

nt
 

im
pr

ov
em

en
t 

Processing of progress claims      
Contract administration      
Coordination and communication      
Reporting and feedback      
Responding to requests      
Optimising staff utilisation      
Compared to BAU practices, to what extent would you say IT 
has helped in: 

     

Realising time savings (in data processing, responding, document 
management) 

     

Reducing multiple handling of documents      
Improving document quality      
Realising cost savings (due to less re-work, travelling, overheads 
etc.) 

     

Compared to BAU practices, to what extent has IT helped your 
organisation: 

     

Improve client satisfaction      
Enhance organisational competitiveness      
Enhance organisational image      
Forge project alliances through electronic means      
Attract more sophisticated clients      
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In the context of information management (processing, storage, 
transfer etc.), how would you rate your overall level of 
satisfaction with your IT applications/tools: V

er
y 

lo
w

 

L
ow

 

A
de

qu
at

e 

H
ig

h 

V
er

y 
H

ig
h 

Reliability      
Appropriateness for application/function      
Quality of output      
Security      
Suitability for site conditions      
How would you rate your overall level of satisfaction with:      
The level and frequency of IT training provided since 
implementation 

     

The level and frequency of IT support provided since 
implementation 

     

The level and frequency of IT utilisation since implementation      
The IT applications/tools adopted by your organisation      
The user friendliness of the IT applications/tools adopted by your 
organisation 

     

 
 
Thankyou for your time. Please mail, fax or e-mail your completed responses using the details 
below. 
 
Rodney Stewart 
School of Engineering 
Gold Coast Campus Griffith University 
PMB 50 Gold Coast Mail Centre  
QLD 9726 Australia 
E-mail: r.stewart@mailbox.gu.edu.au 
Mob:  0409 788 173 
Phone:  7 5552 8564 
Fax:  7 5552 8065 
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APPENDIX  F 
 
 
 
 

VALIDATION STUDY QUESTIONNAIRE RESULTS 
 
 
 
1. General Remarks 
 
 

This appendix details the data analysis results of the IT performance evaluation validation study 

(see Appendix E questionnaire). Each perspective of the �Construct IT� BSC framework is 

individually addressed in the following sections and the interrelationship between frameworks 

analysed through correlations and t-tests. The results detailed herein are summarised and 

discussed in Chapter 11. 

 

2. User Orientation Perspective 

 

Kaplan and Norton (1996) suggest the use of correlation analysis to test the expected 

relationships in the scorecard. Accordingly, results of correlation for the user orientation 

perspective are displayed in Figure F.1 and detailed in Figure F.2. The latter figure details each 

indicator of the user orientation perspective and the Pearson correlation coefficient, for a two-

tailed test, with significant indicators from other perspectives. Additionally, independent sample 

t-tests were conducted for each indicator of the user orientation perspective with individual 

indicators of other perspectives in Tables F.1 through to F.4. The level of significance of the 

interrelationship is represented by the following: **** p ≤ 0.001, *** p ≤ 0.01, ** p ≤ 0.05, * p 

≤ 0.1. 
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OP1

OP2

OP3

OP4

SC1 SC2

SC3

BE1

BE2

BE4

BE3

UO1

UO2

UO3UO4

UO5

TS1

TS2

TS3

TS4

TS5

OP5

OP6

SC4
SC5

Technology/System

User Orientation

Operational

Strategic Competitiveness

Benefits

Significant correlations
p-value ≤ 0.05

 
Figure F.1 User orientation perspective significant correlation overview 

 

UO1

UO2

UO3UO4

UO5

OP2: 0.28**
BE1: 0.26*

BE2: 0.37**

BE4: 0.34**

SC1: 0.26*
SC2: 0.32*

SC4: 0.39**
SC5: 0.36**

TS1: 0.50**
TS2: 0.31*

TS4: 0.44**
TS3: 0.31*

TS5: 0.29*

SC1: 0.29*

SC2: 0.35**

TS1: 0.32*

TS3: 0.37**

TS4: 0.37**

TS5: 0.33**

BE3: 0.34**

SC2: 0.41**

TS1: 0.26*

TS3: 0.27* TS4: 0.25*

TS5: 0.33**
OP3: 0.41**

BE2: 0.33*
TS1: 0.46**

TS2: 0.28*
TS3: 0.33*

TS5: 0.35**

TS5: 0.33*

TS1: 0.36**

0.64**

0.43** 0.31*

0.48**

0.40**

0.38**

0.41**

0.32*

0.63**

0.29*

** correlation is significant
at the 0.01 level (two-tailed)
* correlation is significant
at the 0.05 level (two-tailed)

 
Figure F.2 User orientation perspective significant correlations (two-tailed) 
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Table F.1 Interrelationship of the user orientation and technology/system perspectives 

Performance 
Indicators from 

technology/system 
perspective  

Low level and 
frequency of 

training provided 
(UO1 = 2)  

Very high level and 
frequency of 

training provided 
(UO1 =5)  t-value  

Results 
supported 

Mean score for TS1  3.08 (n = 34)  4.70 (n = 10)  8.06****  Supported 
Mean score for TS2  3.18 (n = 34)  4.40 (n = 10)  4.91****  Supported 
Mean score for TS3  3.26 (n = 34)  4.30 (n = 10)  3.99****  Supported 
Mean score for TS4  3.29 (n = 34)  4.60 (n = 10)  5.02****  Supported 
Mean score for TS5  2.88 (n = 34)  4.60 (n = 10)  8.02****  Supported 

  

Low level and 
frequency of 

support provided 
(UO2 = 2)  

Very high level and 
frequency of 

support provided 
(UO2 = 5)  t-value  

Results 
supported 

Mean score for TS1  3.08 (n = 24)  4.54 (n = 11)  6.80****  Supported  
Mean score for TS2  2.96 (n = 24)  4.54 (n = 11)  6.16****  Supported 
Mean score for TS3  3.00 (n = 24)  4.36 (n = 11)  5.14****  Supported 
Mean score for TS4  3.08 (n = 24)  4.36 (n = 11)  4.50****  Supported 
Mean score for TS5  2.62 (n = 24)  4.36 (n = 11)  7.95****  Supported  

  

Low level and 
frequency of IT 

utilisation 
(UO3 = 2)  

Very high level and 
frequency of IT 

utilisation  
(UO3 = 5)  t-value  

Results 
supported 

Mean score for TS1  3.08 (n = 13)  4.00 (n = 12)  3.04***  Supported 
Mean score for TS2  2.85 (n = 13)  4.17 (n = 12)  4.35****  Supported 
Mean score for TS3  2.85 (n = 13)  4.25 (n = 12)  4.52****  Supported 
Mean score for TS4  3.15 (n = 13)  4.25 (n = 12)  4.18****  Supported 
Mean score for TS5  2.38 (n = 13)  4.08 (n = 12)  5.37****  Supported 

  

Low satisfaction 
with IT 

applications/tools   
(UO4 = 2)  

Very high 
satisfaction with IT 
applications/ tools 

(UO4 = 5)  t-value  
Results 
supported 

Mean score for TS1  2.57 (n = 7)  4.45 (n = 11)  5.60****  Supported 
Mean score for TS2  2.86 (n = 7)  4.27 (n = 11)  4.35****  Supported 
Mean score for TS3  2.86 (n = 7)  4.36 (n = 11)  3.19***  Supported 
Mean score for TS4  3.14 (n = 7)  4.54 (n = 11)  4.21****  Supported 
Mean score for TS5  2.14 (n = 7)  4.18 (n = 11)  8.82****  Supported 

  

Low satisfaction 
with user 

friendliness of IT 
(UO5 = 2)  

Very high 
satisfaction with 

user friendliness of 
IT (UO5 = 5)  t-value  

Results 
supported 

Mean score for TS1  2.83 (n = 12)  4.44 (n = 9)  5.06****  Supported 
Mean score for TS2  2.75 (n = 12)  4.44 (n = 9)  5.21****  Supported 
Mean score for TS3  2.92 (n = 12)  4.33 (n = 9)  4.26****  Supported 
Mean score for TS4  3.33 (n = 12)  4.22 (n = 9)  2.17**  Supported 
Mean score for TS5  2.33 (n = 12)  4.56 (n = 9)  7.25****  Supported 
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Table F.2 Interrelationship of the user orientation and operational perspectives 

Performance 
Indicators from 

operational 
perspective  

Low level and 
frequency of 

training provided 
(UO1 = 2)  

Very high level and 
frequency of 

training provided 
(UO1 =5)  t-value  

Results 
supported 

Mean score for OP1  3.85 (n = 34)  4.40 (n = 10)  1.99*  Marginally 
Mean score for OP2  3.65 (n = 34)  4.60 (n = 10)  4.36****  Supported 
Mean score for OP3  3.76 (n = 34)  4.50 (n = 10)  2.65**  Supported 
Mean score for OP4  3.47 (n = 34)  4.40 (n = 10)  3.33***  Supported 
Mean score for OP5  3.50 (n = 34)  4.40 (n = 10)  2.92***  Supported 
Mean score for OP6  3.26 (n = 34)  3.90 (n = 10)  1.99*  Marginally 

  

Low level and 
frequency of 

support provided 
(UO2 = 2)  

Very high level and 
frequency of 

support provided 
(UO2 = 5)  t-value  

Results 
supported 

Mean score for OP1  3.45 (n = 24)  4.45 (n = 11)  3.39***  Supported 
Mean score for OP2  3.33 (n = 24)  4.55 (n = 11)  4.81****  Supported 
Mean score for OP3  3.50 (n = 24)  4.64 (n = 11)  4.29****  Supported 
Mean score for OP4  3.38 (n = 24)  4.27 (n = 11)  3.34***  Supported 
Mean score for OP5  3.38 (n = 24)  4.60 (n = 11)  2.91***  Supported 
Mean score for OP6  3.08 (n = 24)  4.09 (n = 11)  3.21***  Supported 

  

Low level and 
frequency of IT 

utilisation 
(UO3 = 2)  

Very high level and 
frequency of IT 

utilisation  
(UO3 = 5)  t-value  

Results 
supported 

Mean score for OP1  3.23 (n = 13)  4.58 (n = 12)  4.50****  Supported 
Mean score for OP2  3.23 (n = 13)  4.42 (n = 12)  4.32****  Supported 
Mean score for OP3  3.23 (n = 13)  4.58 (n = 12)  3.77****  Supported 
Mean score for OP4  3.08 (n = 13)  4.25 (n = 12)  3.10***  Supported 
Mean score for OP5  3.00 (n = 13)  4.33 (n = 12)  3.53***  Supported 
Mean score for OP6  2.92 (n = 13)  4.42 (n = 12)  4.92****  Supported 

  

Low satisfaction 
with IT 

applications/tools   
(UO4 = 2)  

Very high 
satisfaction with IT 
applications/ tools 

(UO4 = 5)  t-value  
Results 
supported 

Mean score for OP1  3.00 (n = 7)  4.55 (n = 11)  3.56***  Supported 
Mean score for OP2  3.00 (n = 7)  4.64 (n = 11)  4.76****  Supported 
Mean score for OP3  2.57 (n = 7)  4.73 (n = 11)  7.68****  Supported 
Mean score for OP4  2.57 (n = 7)  4.36 (n = 11)  6.25****  Supported 
Mean score for OP5  2.71 (n = 7)  4.18 (n = 11)  4.56****  Supported 
Mean score for OP6  2.43 (n = 7)  4.00 (n = 11)  4.16****  Supported 

  

Low satisfaction 
with user 

friendliness of IT 
(UO5 = 2)  

Very high 
satisfaction with 

user friendliness of 
IT (UO5 = 5)  t-value  

Results 
supported 

Mean score for OP1  3.17 (n = 12)  4.11 (n = 9)  2.39**  Supported 
Mean score for OP2  3.17 (n = 12)  4.56 (n = 9)  4.31****  Supported 
Mean score for OP3  3.00 (n = 12)  4.33 (n = 9)  3.19***  Supported 
Mean score for OP4  2.83 (n = 12)  4.11 (n = 9)  3.40***  Supported 
Mean score for OP5  2.83 (n = 12)  4.33 (n = 9)  4.22****  Supported 
Mean score for OP6  2.58 (n = 12)  4.11 (n = 9)  4.15****  Supported 
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Table F.3 Interrelationship of the user orientation and strategic competitiveness 
perspectives 
 

Performance 
Indicators from 

strategic 
competitiveness 

perspective  

Low level and 
frequency of 

training provided 
(UO1 = 2)  

Very high level and 
frequency of 

training provided 
(UO1 =5)  t-value  

Results 
supported 

Mean score for SC1  3.56 (n = 34)  4.60 (n = 10)  4.92****  Supported 
Mean score for SC2  3.56 (n = 34)  4.80 (n = 10)  5.98****  Supported 
Mean score for SC3  3.68 (n = 34)  4.70 (n = 10)  4.08****  Supported 
Mean score for SC4  3.41 (n = 34)  4.40 (n = 10)  4.67****  Supported 
Mean score for SC5  3.12 (n = 34)  4.60 (n = 10)  5.84****  Supported 

  

Low level and 
frequency of 

support provided 
(UO2 = 2)  

Very high level and 
frequency of 

support provided 
(UO2 = 5)  t-value  

Results 
supported 

Mean score for SC1  3.46 (n = 24)  4.64 (n = 11)  5.35****  Supported 
Mean score for SC2  3.17 (n = 24)  4.73 (n = 11)  6.66****  Supported 
Mean score for SC3  3.46 (n = 24)  4.64 (n = 11)  4.45****  Supported 
Mean score for SC4  3.25 (n = 24)  4.36 (n = 11)  5.01****  Supported 
Mean score for SC5  3.04 (n = 24)  4.27 (n = 11)  3.86****  Supported 

  

Low level and 
frequency of IT 

utilisation 
(UO3 = 2)  

Very high level and 
frequency of IT 

utilisation 
 (UO3 = 5)  t-value  

Results 
supported 

Mean score for SC1  3.38 (n = 13)  4.42 (n = 12)  3.54***  Supported 
Mean score for SC2  2.84 (n = 13)  4.58 (n = 12)  6.40****  Supported 
Mean score for SC3  3.23 (n = 13)  4.67 (n = 12)  5.14****  Supported 
Mean score for SC4  3.15 (n = 13)  4.25 (n = 12)  4.74****  Supported 
Mean score for SC5  2.70 (n = 13)  4.00 (n = 12)  4.33****  Supported 

  

Low satisfaction 
with IT 

applications/tools   
(UO4 = 2)  

Very high 
satisfaction with IT 
applications/ tools 

(UO4 = 5)  t-value  
Results 
supported 

Mean score for SC1  3.29 (n = 7)  4.45 (n = 11)  3.31***  Supported 
Mean score for SC2  2.86 (n = 7)  4.73 (n = 11)  4.17***  Supported 
Mean score for SC3  3.29 (n = 7)  4.55 (n = 11)  3.33***  Supported 
Mean score for SC4  3.14 (n = 7)  4.45 (n = 11)  6.17****  Supported 
Mean score for SC5  2.86 (n = 7)  4.10 (n = 11)  3.41***  Supported 

  

Low satisfaction 
with user 

friendliness of IT 
(UO5 = 2)  

Very high 
satisfaction with 

user friendliness of 
IT (UO5 = 5)  t-value  

Results 
supported 

Mean score for SC1  3.42 (n = 12)  4.56 (n = 9)  3.42****  Supported 
Mean score for SC2  3.00 (n = 12)  4.56 (n = 9)  4.24****  Supported 
Mean score for SC3  3.25 (n = 12)  4.78 (n = 9)  4.91****  Supported 
Mean score for SC4  3.08 (n = 12)  4.44 (n = 9)  5.22****  Supported 
Mean score for SC5  2.75 (n = 12)  4.33 (n = 9)  4.66****  Supported 
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Table F.4 Interrelationship of the user orientation and benefits perspectives 

Performance 
Indicators from 

benefits perspective  

Low level and 
frequency of 

training provided 
(UO1 = 2)  

Very high level and 
frequency of 

training provided 
(UO1 =5)  t-value  

Results 
supported 

Mean score for BE1  3.62 (n = 34)  4.40 (n = 10)  2.78**  Supported 
Mean score for BE2  3.38 (n = 34)  4.80 (n = 10)  6.86****  Supported 
Mean score for BE3  3.65 (n = 34)  4.00 (n = 10)  1.14  No 
Mean score for BE4  3.26 (n = 34)  4.70 (n = 10)  6.07****  Supported 

  

Low level and 
frequency of 

support provided 
(UO2 = 2)  

Very high level and 
frequency of 

support provided 
(UO2 = 5)  t-value  

Results 
supported 

Mean score for BE1  3.33 (n = 24)  4.55 (n = 11)  4.68****  Supported 
Mean score for BE2  3.42 (n = 24)  4.55 (n = 11)  3.61****  Supported 
Mean score for BE3  3.46 (n = 24)  4.18 (n = 11)  2.27**  Supported 
Mean score for BE4  3.00 (n = 24)  4.73 (n = 11)  7.30****  Supported 

  

Low level and 
frequency of IT 

utilisation 
(UO3 = 2)  

Very high level and 
frequency of IT 

utilisation  
(UO3 = 5)  t-value  

Results 
supported 

Mean score for BE1  3.00 (n = 13)  4.50 (n = 12)  5.09****  Supported 
Mean score for BE2  3.31 (n = 13)  4.50 (n = 12)  3.41***  Supported 
Mean score for BE3  3.08 (n = 13)  4.42 (n = 12)  4.09****  Supported 
Mean score for BE4  2.77 (n = 13)  4.58 (n = 12)  6.11****  Supported 

  

Low satisfaction 
with IT 

applications/tools   
(UO4 = 2)  

Very high 
satisfaction with IT 
applications/ tools 

(UO4 = 5)  t-value  
Results 
supported 

Mean score for BE1  2.86 (n = 7)  4.27 (n = 11)  3.16**  Supported 
Mean score for BE2  3.00 (n = 7)  4.64 (n = 11)  3.81***  Supported 
Mean score for BE3  3.14 (n = 7)  4.09 (n = 11)  2.24**  Supported 
Mean score for BE4  2.57 (n = 7)  4.55 (n = 11)  4.32***  Supported 

  

Low satisfaction 
with user 

friendliness of IT 
(UO5 = 2)  

Very high 
satisfaction with 

user friendliness of 
IT (UO5 = 5)  t-value  

Results 
supported 

Mean score for BE1  3.00 (n = 12)  4.22 (n = 9)  3.10***  Supported 
Mean score for BE2  3.17 (n = 12)  4.56 (n = 9)  3.45***  Supported  
Mean score for BE3  3.17 (n = 12)  4.00 (n = 9)  2.03*  Marginally 
Mean score for BE4  2.75 (n = 12)  4.56 (n = 9)  5.13****  Supported 
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3. Benefits Perspective 

 

Kaplan and Norton (1996) suggest the use of correlation analysis to test the expected 

relationships in the scorecard. Accordingly, results of correlation for the benefits perspective are 

displayed in Figure F.3 and detailed in Figure F.4. The latter figure details each indicator of 

the benefits perspective and the Pearson correlation coefficient, for a two-tailed test, with 

significant indicators from other perspectives. Additionally, independent sample t-tests were 

conducted for each indicator of the benefits perspective with individual indicators of other 

perspectives in Tables F.5 through to F.8. The level of significance of the interrelationship is 

represented by the following: **** p ≤ 0.001, *** p ≤ 0.01, ** p ≤ 0.05, * p ≤ 0.1. 
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Significant correlations
p-value ≤ 0.05
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Figure F.3 Benefits perspective significant correlation overview 
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Figure F.4 Benefits perspective significant correlations (two-tailed) 
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Table F.5 Interrelationship of the benefits and operational perspectives 

Performance 
Indicators from 

operational 
perspective  

IT has caused some 
detriment to 

realising time 
savings (BE1 = 2)  

IT-induced 
significant 

improvement in 
realising time 

savings (BE1 =5)  t-value  
Results 
supported 

Mean score for OP1  3.31 (n = 13)  4.46 (n = 28)  4.92****  Supported 
Mean score for OP2  3.46 (n = 13)  4.32 (n = 28)  4.61****  Supported 
Mean score for OP3  3.23 (n = 13)  4.57 (n = 28)  3.98***  Supported 
Mean score for OP4  3.23 (n = 13)  4.29 (n = 28)  3.06**  Supported 
Mean score for OP5  3.31 (n = 13)  4.29 (n = 28)  4.30****  Supported 
Mean score for OP6  2.92 (n = 13)  4.04 (n = 28)  6.85****  Supported 

  

IT has caused some 
detriment to doc. 

handling (BE2 = 2)  

IT-induced 
significant 

improvement to 
doc. handling  

(BE2 = 5)  t-value  
Results 
supported 

Mean score for OP1  3.43 (n = 7)  4.38 (n = 24)  2.09*  Marginally 
Mean score for OP2  3.29 (n = 7)  4.38 (n = 24)  2.25*  Marginally 
Mean score for OP3  3.00 (n = 7)  4.58 (n = 24)  4.71****  Supported 
Mean score for OP4  3.14 (n = 7)  4.33 (n = 24)  3.92***  Supported 
Mean score for OP5  3.43 (n = 7)  4.25 (n = 24)  2.04*  Marginally 
Mean score for OP6  2.71 (n = 7)  4.00 (n = 24)  4.00***  Supported  

  

IT has caused some 
detriment to doc. 

quality 
(BE3 = 2)  

IT-enhanced 
significant 

improvement to 
doc. quality  
(BE3 = 5)  t-value  

Results 
supported 

Mean score for OP1  3.17 (n = 6)  4.46 (n = 28)  6.31****  Supported 
Mean score for OP2  3.00 (n = 6)  4.29 (n = 28)  3.39**  Supported 
Mean score for OP3  3.00 (n = 6)  4.46 (n = 28)  3.81***  Supported 
Mean score for OP4  3.00 (n = 6)  4.39 (n = 28)  4.82***  Supported 
Mean score for OP5  3.17 (n = 6)  4.00 (n = 28)  3.43**  Supported 
Mean score for OP6  3.17 (n = 6)  4.08 (n = 28)  2.51**  Supported 

  

IT has caused some 
detriment to 
realising cost 

savings   
(BE4 = 2)  

IT-induced 
significant 

improvement in 
realising cost 

savings (BE4 = 5)  t-value  
Results 
supported 

Mean score for OP1  3.00 (n = 11)  4.48 (n = 23)  4.87****  Supported 
Mean score for OP2  2.91 (n = 11)  4.35 (n = 23)  4.27****  Supported 
Mean score for OP3  2.91 (n = 11)  4.61 (n= 23)  6.20****  Supported 
Mean score for OP4  2.64 (n = 11)  4.44 (n = 23)  7.09****  Supported 
Mean score for OP5  2.82 (n = 11)  4.26 (n = 23)  5.24****  Supported 
Mean score for OP6  2.45 (n = 11)  4.09 (n = 23)  7.76****  Supported 
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Table 5.6 Interrelationship of the benefits and strategic competitiveness perspectives 

Performance 
Indicators from 

strategic 
competitiveness 

perspective  

IT has caused some 
detriment to 

realising time 
savings (BE1 = 2)  

IT-induced 
significant 

improvement in 
realising time 

savings (BE1 =5)  t-value  
Results 
supported 

Mean score for SC1  3.25 (n = 8)  4.21 (n = 28)  3.48***  Supported 
Mean score for SC2  2.75 (n = 8)  4.36 (n = 28)  4.75****  Supported 
Mean score for SC3  3.13 (n = 8)  4.39 (n = 28)  4.77****  Supported 
Mean score for SC4  3.13 (n = 8)  4.25 (n = 28)  4.37****  Supported 
Mean score for SC5  2.38 (n = 8)  3.93 (n = 28)  6.36****  Supported 

  

IT has caused some 
detriment to doc. 

handling (BE2 = 2)  

IT-induced 
significant 

improvement to 
doc. Handling (BE2 

= 5)  t-value  
Results 
supported 

Mean score for SC1  2.86 (n = 7)  4.33 (n = 24)  5.07****  Supported 
Mean score for SC2  2.86 (n = 7)  4.54 (n = 24)  5.74****  Supported 
Mean score for SC3  3.00 (n = 7)  4.54 (n = 24)  4.51***  Supported 
Mean score for SC4  2.86 (n = 7)  4.46 (n = 24)  3.80***  Supported 
Mean score for SC5  2.86 (n = 7)  4.25 (n = 24)  4.63****  Supported 

  

IT has caused some 
detriment to doc. 

Quality 
(BE3 = 2)  

IT-enhanced 
significant 

improvement to 
doc. quality  
(BE3 = 5)  t-value  

Results 
supported 

Mean score for SC1  3.00 (n = 6)  4.25 (n = 28)  3.22**  Supported 
Mean score for SC2  2.83 (n = 6)  4.39 (n = 28)  4.73***  Supported 
Mean score for SC3  2.83 (n = 6)  4.43 (n = 28)  4.72***  Supported 
Mean score for SC4  3.17 (n = 6)  4.25 (n = 28)  2.18*  Marginally 
Mean score for SC5  3.00 (n = 6)  4.00 (n = 28)  2.14*  Marginally 

  

IT has caused some 
detriment to 
realising cost 

savings   
(BE4 = 2)  

IT-induced 
significant 

improvement in 
realising cost 

savings (BE4 = 5)  t-value  
Results 
supported 

Mean score for SC1  3.18 (n = 11)  4.30 (n = 23)  4.81****  Supported 
Mean score for SC2  2.72 (n = 11)  4.52 (n = 23)  6.71****  Supported 
Mean score for SC3  3.10 (n = 11)  4.39 (n= 23)  5.64****  Supported 
Mean score for SC4  3.10 (n = 11)  4.35(n = 23)  4.53****  Supported 
Mean score for SC5  2.45 (n = 11)  4.09 (n = 23)  5.99****  Supported 
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Table F.7 Interrelationship of the benefits and technology/system perspectives 

Performance 
Indicators from 

technology/system 
perspective  

IT has caused some 
detriment to 

realising time 
savings (BE1 = 2)  

IT-induced 
significant 

improvement in 
realising time 

savings (BE1 =5)  t-value  
Results 
supported 

Mean score for TS1  2.88 (n = 8)  3.79 (n = 28)  2.83**  Supported 
Mean score for TS2  2.50 (n = 8)  3.86 (n = 28)  4.61****  Supported 
Mean score for TS3  2.88 (n = 8)  4.07 (n = 28)  3.64***  Supported 
Mean score for TS4  3.25 (n = 8)  3.79 (n = 28)  1.53  No 
Mean score for TS5  2.13 (n = 8)  3.61 (n = 28)  7.38****  Supported 

  

IT has caused some 
detriment to doc. 

handling (BE2 = 2)  

IT-induced 
significant 

improvement to 
doc. handling (BE2 

= 5)  t-value  
Results 
supported 

Mean score for TS1  2.71 (n = 7)  4.00 (n = 24)  4.07***  Supported 
Mean score for TS2  2.57 (n = 7)  4.04 (n = 24)  4.63***  Supported 
Mean score for TS3  2.57 (n = 7)  4.17 (n = 24)  6.26****  Supported 
Mean score for TS4  3.00 (n = 7)  4.00 (n = 24)  3.70***  Supported 
Mean score for TS5  2.71 (n = 7)  3.83 (n = 24)  2.79**  Supported 

  

IT has caused some 
detriment to doc. 

Quality 
(BE3 = 2)  

IT-enhanced 
significant 

improvement to 
doc. quality  
(BE3 = 5)  t-value  

Results 
supported 

Mean score for TS1  2.83 (n = 6)  3.68 (n = 28)  2.57**  Supported 
Mean score for TS2  2.50 (n = 6)  4.00 (n = 28)  6.23****  Supported 
Mean score for TS3  2.50 (n = 6)  4.25 (n = 28)  4.83***  Supported 
Mean score for TS4  2.83 (n = 6)  3.71 (n = 28)  2.54**  Supported 
Mean score for TS5  2.33 (n = 6)  3.68 (n = 28)  5.25****  Supported 

  

IT has caused some 
detriment to 
realising cost 

savings   
(BE4 = 2)  

IT-induced 
significant 

improvement in 
realising cost 

savings (BE4 = 5)  t-value  
Results 
supported 

Mean score for TS1  2.82 (n = 11)  3.78 (n = 23)  3.28***  Supported 
Mean score for TS2  2.55 (n = 11)  4.09 (n = 23)  7.33****  Supported 
Mean score for TS3  2.64 (n = 11)  4.13 (n= 23)  5.81****  Supported 
Mean score for TS4  3.00 (n = 11)  3.96 (n = 23)  4.38****  Supported 
Mean score for TS5  2.18 (n = 11)  3.83 (n = 23)  6.23****  Supported 
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Table F.8 Interrelationship of the benefits and user orientation perspectives 

Performance 
Indicators from user 

orientation 
perspective  

IT has caused some 
detriment to 

realising time 
savings (BE1 = 2)  

IT-induced 
significant 

improvement in 
realising time 

savings (BE1 =5)  t-value  
Results 
supported 

Mean score for UO1  2.25 (n = 8)  3.29 (n = 28)  4.03****  Supported 
Mean score for UO2  2.25 (n = 8)  3.61 (n = 28)  5.57****  Supported 
Mean score for UO3  2.63 (n = 8)  3.93 (n = 28)  3.71***  Supported 
Mean score for UO4  2.75 (n = 8)  3.71 (n = 28)  3.34***  Supported 
Mean score for UO5  2.38 (n = 8)  3.46 (n = 28)  4.61****  Supported 

  

IT has caused some 
detriment to doc. 

handling (BE2 = 2)  

IT-induced 
significant 

improvement to 
doc. Handling (BE2 

= 5)  t-value  
Results 
supported 

Mean score for UO1  2.14 (n = 7)  3.58 (n = 24)  4.93****  Supported 
Mean score for UO2  2.43 (n = 7)  3.58 (n = 24)  3.06***  Supported 
Mean score for UO3  2.71 (n = 7)  4.04 (n = 24)  3.96***  Supported 
Mean score for UO4  2.86 (n = 7)  4.08 (n = 24)  3.94***  Supported 
Mean score for UO5  2.43 (n = 7)  3.75 (n = 24)  4.73****  Supported 

  

IT has caused some 
detriment to doc. 

Quality 
(BE3 = 2)  

IT-enhanced 
significant 

improvement to 
doc. quality  
(BE3 = 5)  t-value  

Results 
supported 

Mean score for UO1  2.33 (n = 6)  3.11 (n = 28)  2.74**  Supported 
Mean score for UO2  2.17 (n = 6)  3.36 (n = 28)  4.75****  Supported 
Mean score for UO3  2.33 (n = 6)  4.00 (n = 28)  6.64****  Supported 
Mean score for UO4  3.00 (n = 6)  3.79 (n = 28)  2.67**  Supported 
Mean score for UO5  3.00 (n = 6)  3.64 (n = 28)  1.37  No 

  

IT has caused some 
detriment to 
realising cost 

savings   
(BE4 = 2)  

IT-induced 
significant 

improvement in 
realising cost 

savings (BE4 = 5)  t-value  
Results 
supported 

Mean score for UO1  2.10 (n = 11)  3.52 (n = 23)  5.53****  Supported 
Mean score for UO2  2.18 (n = 11)  3.83 (n = 23)  6.89****  Supported 
Mean score for UO3  2.55 (n = 11)  4.04 (n= 23)  5.09****  Supported 
Mean score for UO4  2.64 (n = 11)  3.91 (n = 23)  4.74****  Supported 
Mean score for UO5  2.36 (n = 11)  3.74 (n = 23)  5.83****  Supported 
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4. Operational Perspective 

 

Kaplan and Norton (1996) suggest the use of correlation analysis to test the expected 

relationships in the scorecard. Accordingly, results of correlation for the operational perspective 

are displayed in Figure F.5 and detailed in Figure F.6. The latter figure details each indicator 

of the operational perspective and the Pearson correlation coefficient, for a two-tailed test, with 

significant indicators from other perspectives. Additionally, independent sample t-tests were 

conducted for each indicator of the operational perspective with individual indicators of other 

perspectives in Tables F.9 through to F.12. The level of significance of the interrelationship is 

represented by the following: **** p ≤ 0.001, *** p ≤ 0.01, ** p ≤ 0.05, * p ≤ 0.1. 
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Significant correlations
p-value ≤ 0.05
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Figure F.5 Operational perspective significant correlation overview 
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Figure F.6 Operational perspective significant correlations (two-tailed) 
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Table F.9 Interrelationship of the operational and benefits perspectives 

Performance 
Indicators from 

benefits perspective  

IT caused some 
detriment to 
processing of 

progress claims 
(OP1 = 2)  

IT-induced 
significant 

improvement in 
processing of claims 

(OP1 =5)  t-value 
Results 
supported 

Mean score for BE1  2.60 (n = 5)  4.45 (n = 31)  6.87**** Supported 
Mean score for BE2  2.80 (n = 5)  4.06 (n = 31)  4.86**** Supported 
Mean score for BE3  3.20 (n = 5)  4.23 (n = 31)  

 
 
 

4.09***  Supported 
Mean score for BE4  2.40 (n = 5)  4.29 (n = 31)  6.79****  Supported 

  

IT caused some 
detriment to 

contract admin. 
(OP2 = 2)  

IT-induced 
significant 

improvement in 
contract admin. 

(OP2 = 5)  t-value  
Results 
supported 

Mean score for BE1  2.67 (n = 6)  4.38 (n = 21)  6.69****  Supported 
Mean score for BE2  3.00 (n = 6)  4.14 (n = 21)  2.71**  Supported 
Mean score for BE3  2.67 (n = 6)  4.14 (n = 21)  5.25****  Supported 
Mean score for BE4  2.17 (n = 6)  4.29 (n = 21)  8.87****  Supported 

  

IT caused some 
detriment to 

communication & 
coordination 

(OP3 = 2)  

IT-induced 
significant 

improvement in 
communication & 

coordination 
 (OP3 = 5)  t-value  

Results 
supported 

Mean score for BE1  2.50 (n = 6)  4.39 (n = 36)  7.52****  Supported 
Mean score for BE2  2.83 (n = 6)  4.31 (n = 36)  4.47***  Supported 
Mean score for BE3  2.83 (n = 6)  4.25 (n = 36)  4.29***  Supported 
Mean score for BE4  2.33 (n = 6)  4.36 (n = 36)  8.71****  Supported 

  

IT caused some 
detriment to 
reporting & 

feedback 
(OP4 = 2)  

IT-induced 
significant 

improvement in 
reporting & 

feedback 
 (OP4 = 5)  t-value  

Results 
supported 

Mean score for BE1  2.86 (n = 7)  4.38 (n = 26)  5.10****  Supported 
Mean score for BE2  3.00 (n = 7)  4.35 (n = 26)  5.24****  Supported 
Mean score for BE3  3.00 (n = 7)  4.42 (n = 26)  5.51****  Supported 
Mean score for BE4  2.29 (n = 7)  4.50 (n = 26)  10.55****  Supported 

  

IT caused some 
detriment to 

responding to 
requests 

(OP5 = 2)  

IT-induced 
significant 

improvement in 
responding to 

requests 
 (OP5 = 5)  t-value  

Results 
supported 

Mean score for BE1  2.83 (n = 6)  4.48 (n = 23)  4.97***  Supported 
Mean score for BE2  3.00 (n = 6)  4.35 (n = 23)  4.43***  Supported 
Mean score for BE3  3.00 (n = 6)  4.44 (n = 23)  4.79****  Supported 
Mean score for BE4  2.33 (n = 6)  4.39 (n = 23)  8.46****  Supported 

  

IT caused some 
detriment to staff 

optimisation 
(OP6 = 2)  

IT-induced 
significant 

improvement in 
staff optimisation 

 (OP6 = 5)  t-value  
Results 
supported 

Mean score for BE1  2.70 (n = 10)  4.50 (n = 12)  6.89****  Supported 
Mean score for BE2  2.90 (n = 10)  4.42 (n = 12)  5.01****  Supported 
Mean score for BE3  3.10 (n = 10)  4.33 (n = 12)  4.29****  Supported 
Mean score for BE4  2.40 (n = 10)  4.50 (n = 12)  9.45****  Supported 
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Table F.10 Interrelationship of the operational and strategic competitiveness perspectives 

Performance 
Indicators from 

strategic 
competitiveness 

perspective  

IT caused some 
detriment to 
processing of 

progress claims 
(OP1 = 2)  

IT-induced 
significant 

improvement in 
processing of claims 

(OP1 =5)  t-value  
Results 
supported 

Mean score for SC1  3.20 (n = 5)  4.10 (n = 31)  2.24*  Marginally 
Mean score for SC2  2.80 (n = 5)  4.32 (n = 31)  6.32****  Supported 
Mean score for SC3  2.80 (n = 5)  4.26 (n = 31)  6.10****  Supported 
Mean score for SC4  2.60 (n = 5)  4.10 (n = 31)  5.52***  Supported 
Mean score for SC5  2.60 (n = 5)  3.74 (n = 31)  4.06***  Supported 

  

IT caused some 
detriment to 

contract admin. 
(OP2 = 2)  

IT-induced 
significant 

improvement in 
contract admin. 

(OP2 = 5)  t-value  
Results 
supported 

Mean score for SC1  3.17 (n = 6)  4.14 (n = 21)  2.82**  Supported 
Mean score for SC2  2.50 (n = 6)  4.48 (n = 21)  7.37****  Supported 
Mean score for SC3  2.83 (n = 6)  4.38 (n = 21)  6.99****  Supported 
Mean score for SC4  2.67 (n = 6)  4.29 (n = 21)  6.17****  Supported 
Mean score for SC5  2.33 (n = 6)  3.86 (n = 21)  5.42****  Supported 

  

IT caused some 
detriment to 

communication & 
coordination 

(OP3 = 2)  

IT-induced 
significant 

improvement in 
communication & 

coordination 
 (OP3 = 5)  t-value  

Results 
supported 

Mean score for SC1  2.67 (n = 6)  4.22 (n = 36)  6.59****  Supported 
Mean score for SC2  2.33 (n = 6)  4.31 (n = 36)  8.27****  Supported 
Mean score for SC3  2.67 (n = 6)  4.19 (n = 36)  6.16****  Supported 
Mean score for SC4  2.67 (n = 6)  4.14 (n = 36)  6.23****  Supported 
Mean score for SC5  2.67 (n = 6)  3.75 (n = 36)  4.33***  Supported 

  

IT caused some 
detriment to 
reporting & 

feedback 
(OP4 = 2)  

IT-induced 
significant 

improvement in 
reporting & 

feedback 
 (OP4 = 5)  t-value  

Results 
supported 

Mean score for SC1  3.43 (n = 7)  4.23 (n = 26)  3.36***  Supported 
Mean score for SC2  2.86 (n = 7)  4.38 (n = 26)  5.28****  Supported 
Mean score for SC3  3.14 (n = 7)  4.27 (n = 26)  5.39****  Supported 
Mean score for SC4  3.00 (n = 7)  4.23 (n = 26)  4.99****  Supported 
Mean score for SC5  2.57 (n = 7)  3.96 (n = 26)  5.26****  Supported 

  

IT caused some 
detriment to 

responding to 
requests 

(OP5 = 2)  

IT-induced 
significant 

improvement in 
responding to 

requests 
 (OP5 = 5)  t-value  

Results 
supported 

Mean score for SC1  3.50 (n = 6)  4.17 (n = 23)  2.58**  Supported 
Mean score for SC2  2.83 (n = 6)  4.22 (n = 23)  4.03***  Supported 
Mean score for SC3  3.17 (n = 6)  4.22 (n = 23)  4.32****  Supported 
Mean score for SC4  3.00 (n = 6)  4.09 (n = 23)  3.71***  Supported 
Mean score for SC5  2.50 (n = 6)  3.96 (n = 23)  5.04****  Supported 

  

IT caused some 
detriment to staff 

optimisation 
(OP6 = 2)  

IT-induced 
significant 

improvement in 
staff optimisation 

 (OP6 = 5)  t-value  
Results 
supported 

Mean score for SC1  3.20 (n = 10)  4.25 (n = 12)  3.55***  Supported 
Mean score for SC2  2.70 (n = 10)  4.58 (n = 12)  8.84****  Supported 
Mean score for SC3  3.00 (n = 10)  4.33 (n = 23)  4.94****  Supported 
Mean score for SC4  2.80 (n = 10)  4.08 (n = 12)  5.47****  Supported 
Mean score for SC5  2.70 (n = 10)  3.83 (n = 12)  3.97****  Supported 
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Table F.11 Interrelationship of the operational and technology/system perspectives 

Performance 
Indicators from 

technology/system 
perspective  

IT caused some 
detriment to 
processing of 

progress claims 
(OP1 = 2)  

IT-induced 
significant 

improvement in 
processing of claims 

(OP1 =5)  t-value  
Results 
supported 

Mean score for TS1  3.00 (n = 5)  3.65 (n = 31)  1.89  No 
Mean score for TS2  2.40 (n = 5)  3.81 (n = 31)  5.34***  Supported 
Mean score for TS3  2.60 (n = 5)  4.06 (n = 31)  5.20****  Supported 
Mean score for TS4  3.20 (n = 5)  3.94 (n = 31)  2.74**  Supported 
Mean score for TS5  2.20 (n = 5)  3.58 (n = 31)  5.69****  Supported 

  

IT caused some 
detriment to 

contract admin. 
(OP2 = 2)  

IT-induced 
significant 

improvement in 
contract admin. 

(OP2 = 5)  t-value  
Results 
supported 

Mean score for TS1  2.83 (n = 6)  3.90 (n = 21)  3.12**  Supported 
Mean score for TS2  2.33 (n = 6)  3.95 (n = 21)  6.56****  Supported 
Mean score for TS3  2.50 (n = 6)  4.00 (n = 21)  5.52****  Supported 
Mean score for TS4  3.17 (n = 6)  4.00 (n = 21)  3.14***  Supported 
Mean score for TS5  2.00 (n = 6)  3.95 (n = 21)  13.37****  Supported 

  

IT caused some 
detriment to 

communication & 
coordination 

(OP3 = 2)  

IT-induced 
significant 

improvement in 
communication & 

coordination 
 (OP3 = 5)  t-value  

Results 
supported 

Mean score for TS1  2.33 (n = 6)  3.83 (n = 36)  6.41****  Supported 
Mean score for TS2  2.50 (n = 6)  3.86 (n = 36)  5.57****  Supported 
Mean score for TS3  2.50 (n = 6)  4.03 (n = 36)  6.06****  Supported 
Mean score for TS4  3.00 (n = 6)  3.97 (n = 36)  3.31***  Supported 
Mean score for TS5  2.17 (n = 6)  3.75 (n = 36)  7.40****  Supported 

  

IT caused some 
detriment to 
reporting & 

feedback 
(OP4 = 2)  

IT-induced 
significant 

improvement in 
reporting & 

feedback 
 (OP4 = 5)  t-value  

Results 
supported 

Mean score for TS1  3.00 (n = 7)  3.73 (n = 26)  2.15*  Marginally 
Mean score for TS2  2.71 (n = 7)  3.96 (n = 26)  5.90****  Supported 
Mean score for TS3  2.43 (n = 7)  4.11 (n = 26)  7.25****  Supported 
Mean score for TS4  3.43 (n = 7)  4.04 (n = 26)  2.42**  Supported 
Mean score for TS5  2.29 (n = 7)  3.85 (n = 26)  4.81****  Supported 

  

IT caused some 
detriment to 

responding to 
requests 

(OP5 = 2)  

IT-induced 
significant 

improvement in 
responding to 

requests 
 (OP5 = 5)  t-value  

Results 
supported 

Mean score for TS1  3.17 (n = 6)  3.96 (n = 23)  2.32**  Supported 
Mean score for TS2  2.67 (n = 6)  4.09 (n = 23)  6.00****  Supported 
Mean score for TS3  2.50 (n = 6)  4.13 (n = 23)  6.30****  Supported 
Mean score for TS4  3.50 (n = 6)  3.96 (n = 23)  1.66  No 
Mean score for TS5  2.33 (n = 6)  4.09 (n = 23)  4.71***  Supported 

  

IT caused some 
detriment to staff 

optimisation 
(OP6 = 2)  

IT-induced 
significant 

improvement in 
staff optimisation 

 (OP6 = 5)  t-value  
Results 
supported 

Mean score for TS1  2.60 (n = 10)  3.75 (n = 12)  3.71****  Supported 
Mean score for TS2  2.60 (n = 10)  4.00 (n = 12)  5.87****  Supported 
Mean score for TS3  2.70 (n = 10)  3.92 (n = 23)  4.23****  Supported 
Mean score for TS4  3.20 (n = 10)  3.67 (n = 12)  1.55  No 
Mean score for TS5  2.40 (n = 10)  4.08 (n = 12)  5.29****  Supported 

Lifecycle Management of IT Projects in Construction  



Appendix F-18 

Table F.12 Interrelationship of the operational and user orientation perspectives 

Performance 
Indicators from user 

orientation 
perspective  

IT caused some 
detriment to 
processing of 

progress claims 
(OP1 = 2)  

IT-induced 
significant 

improvement in 
processing of claims 

(OP1 =5)  t-value  
Results 
supported 

Mean score for UO1  2.20 (n = 5)  3.06 (n = 31)  3.04***  Supported 
Mean score for UO2  2.20 (n = 5)  3.55 (n = 31)  5.03****  Supported 
Mean score for UO3  2.60 (n = 5)  3.90 (n = 31)  4.54***  Supported 
Mean score for UO4  2.60 (n = 5)  3.77 (n = 31)  4.08****  Supported 
Mean score for UO5  2.40 (n = 5)  3.48 (n = 31)  3.85***  Supported 

  

IT caused some 
detriment to 

contract admin. 
(OP2 = 2)  

IT-induced 
significant 

improvement in 
contract admin. 

(OP2 = 5)  t-value  
Results 
supported 

Mean score for UO1  2.33 (n = 6)  3.52 (n = 21)  3.68***  Supported 
Mean score for UO2  2.00 (n = 6)  3.67 (n = 21)  7.51****  Supported 
Mean score for UO3  2.50 (n = 6)  4.00 (n = 21)  5.52****  Supported 
Mean score for UO4  2.67 (n = 6)  4.00 (n = 21)  4.78****  Supported 
Mean score for UO5  2.50 (n = 6)  3.76 (n = 21)  4.26****  Supported 

  

IT caused some 
detriment to 

communication & 
coordination 

(OP3 = 2)  

IT-induced 
significant 

improvement in 
communication & 

coordination 
 (OP3 = 5)  t-value  

Results 
supported 

Mean score for UO1  2.33 (n = 6)  3.14 (n = 36)  2.86**  Supported 
Mean score for UO2  2.17 (n = 6)  3.44 (n = 36)  5.28****  Supported 
Mean score for UO3  2.33 (n = 6)  3.89 (n = 36)  6.19****  Supported 
Mean score for UO4  2.50 (n = 6)  4.00 (n = 36)  5.92****  Supported 
Mean score for UO5  2.33 (n = 6)  3.67 (n = 36)  5.36****  Supported 

  

IT caused some 
detriment to 
reporting & 

feedback 
(OP4 = 2)  

IT-induced 
significant 

improvement in 
reporting & 

feedback 
 (OP4 = 5)  t-value  

Results 
supported 

Mean score for UO1  2.00 (n = 7)  3.19 (n = 26)  5.06****  Supported 
Mean score for UO2  2.14 (n = 7)  3.38 (n = 26)  4.81****  Supported 
Mean score for UO3  2.43 (n = 7)  3.77 (n = 26)  3.92***  Supported 
Mean score for UO4  2.57 (n = 7)  3.92 (n = 26)  5.56****  Supported 
Mean score for UO5  2.29 (n = 7)  3.62 (n = 26)  5.63****  Supported 

  

IT caused some 
detriment to 

responding to 
requests 

(OP5 = 2)  

IT-induced 
significant 

improvement in 
responding to 

requests 
 (OP5 = 5)  t-value  

Results 
supported 

Mean score for UO1  2.00 (n = 6)  3.48 (n = 23)  6.10****  Supported 
Mean score for UO2  2.17 (n = 6)  3.65 (n = 23)  5.63****  Supported 
Mean score for UO3  2.33 (n = 6)  4.00 (n = 23)  4.41***  Supported 
Mean score for UO4  2.67 (n = 6)  3.91 (n = 23)  4.79****  Supported 
Mean score for UO5  2.33 (n = 6)  3.91 (n = 23)  6.07****  Supported 

  

IT caused some 
detriment to staff 

optimisation 
(OP6 = 2)  

IT-induced 
significant 

improvement in 
staff optimisation 

 (OP6 = 5)  t-value  
Results 
supported 

Mean score for UO1  2.10 (n = 10)  3.42 (n = 12)  4.01****  Supported 
Mean score for UO2  2.30 (n = 10)  3.75 (n = 12)  3.90****  Supported 
Mean score for UO3  2.50 (n = 10)  4.25 (n = 23)  5.61****  Supported 
Mean score for UO4  2.60 (n = 10)  3.92 (n = 12)  4.14****  Supported 
Mean score for UO5  2.30 (n = 10)  3.83 (n = 12)  4.76****      Supported 
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5. Technology/System Perspective 

 

Kaplan and Norton (1996) suggest the use of correlation analysis to test the expected 

relationships in the scorecard. Accordingly, results of correlation for the technology/system 

perspective are displayed in Figure F.7 and detailed in Figure F.8. The latter figure details each 

indicator of the technology/system perspective and the Pearson correlation coefficient, for a 

two-tailed test, with significant indicators from other perspectives. Additionally, independent 

sample t-tests were conducted for each indicator of the technology/system perspective with 

individual indicators of other perspectives in Tables F.13 through to F.16. The level of 

significance of the interrelationship is represented by the following: **** p ≤ 0.001, *** p ≤ 

0.01, ** p ≤ 0.05, * p ≤ 0.1. 
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Significant correlations
p-value ≤ 0.05
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Figure F.7 Technology/system perspective significant correlation overview 
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Figure F.8 Technology/system perspective significant correlations (two-tailed) 
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Table F.13 Interrelationship of the technology/system and operational perspectives 

Performance 
Indicators from 

operational 
perspective  

IT has low 
reliability 
 (TS1 = 2)  

IT has very high 
reliability 
 (TS1 =5)  t-value  

Results 
supported 

Mean score for OP1  3.44 (n = 9)  4.00 (n = 8)  1.29  No 
Mean score for OP2  3.11 (n = 9)  4.38 (n = 8)  3.41***  Supported 
Mean score for OP3  2.89 (n = 9)  4.38 (n = 8)  3.66***  Supported 
Mean score for OP4  3.44 (n = 9)  4.25 (n = 8)  1.92*  Marginally 
Mean score for OP5  3.44 (n = 9)  4.38 (n = 8)  2.30**  Supported 
Mean score for OP6  2.78 (n = 9)  3.75 (n = 8)  2.20**  Supported 

  

IT has low 
appropriateness for 
application/function 

(TS2 = 2)  

IT has very high 
appropriateness for 
application/function 

(TS2 = 5)  t-value  
Results 
supported 

Mean score for OP1  2.57 (n = 7)  4.13 (n = 8)  5.19****  Supported 
Mean score for OP2  2.43 (n = 7)  4.38 (n = 8)  7.14****  Supported 
Mean score for OP3  2.57 (n = 7)  4.50 (n = 8)  6.97****  Supported 
Mean score for OP4  2.86 (n = 7)  4.25 (n = 8)  3.86***  Supported 
Mean score for OP5  2.86 (n = 7)  4.38 (n = 8)  4.10****  Supported 
Mean score for OP6  2.43 (n = 7)  4.13 (n = 8)  5.59****  Supported 

  

IT produces low 
quality output 

(TS3 = 2)  

IT produces very 
high quality output 

 (TS3 = 5)  t-value  
Results 
supported 

Mean score for OP1  2.71 (n = 7)  4.71 (n = 14)  8.97****  Supported 
Mean score for OP2  2.71 (n = 7)  4.36 (n = 14)  5.21****  Supported 
Mean score for OP3  2.71 (n = 7)  4.57 (n = 14)  5.56****  Supported 
Mean score for OP4  2.57 (n = 7)  4.14 (n = 14)  4.17****  Supported 
Mean score for OP5  2.71 (n = 7)  4.07 (n = 14)  3.61***  Supported 
Mean score for OP6  2.43 (n = 7)  3.86 (n = 14)  5.32****  Supported 

  

The level of IT 
security is low 

(TS4 = 2)  

The level of IT 
security is very high 

 (TS4 = 5)  t-value  
Results 
supported 

Mean score for OP1  4.20 (n = 5)  4.79 (n = 14)  1.17  No 
Mean score for OP2  3.80 (n = 5)  4.57 (n = 14)  1.94  No 
Mean score for OP3  3.40 (n = 5)  4.71 (n = 14)  2.46*  Marginally 
Mean score for OP4  3.60 (n = 5)  4.50 (n = 14)  3.00**  Supported 
Mean score for OP5  3.20 (n = 5)  4.21 (n = 14)  3.46***  Supported 
Mean score for OP6  3.40 (n = 5)  3.86 (n = 14)  1.05  No 

  

IT has low 
suitability for site 

conditions 
(TS5 = 2)  

IT has very high 
suitability for site 

conditions 
 (TS5 = 5)  t-value  

Results 
supported 

Mean score for OP1  3.24 (n = 17)  4.13 (n = 8)  2.64**  Supported 
Mean score for OP2  3.00 (n = 17)  4.50 (n = 8)  5.31****  Supported 
Mean score for OP3  3.24 (n = 17)  4.50 (n = 8)  3.36***  Supported 
Mean score for OP4  3.06 (n = 17)  4.63 (n = 8)  5.27****  Supported 
Mean score for OP5  3.12 (n = 17)  4.88 (n = 8)  6.83****  Supported 
Mean score for OP6  2.82 (n = 17)  4.25 (n = 8)  3.86***  Supported 
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Table F.14 Interrelationship of the technology/system and benefits perspectives 

Performance 
Indicators from 

benefits perspective  

IT has low 
reliability 
 (TS1 = 2)  

IT has very high 
reliability 
 (TS1 =5)  t-value  

Results 
supported 

Mean score for BE1  3.00 (n = 9)  4.25 (n = 8)  3.00***  Supported 
Mean score for BE2  2.78 (n = 9)  4.63 (n = 8)  6.42****  Supported 
Mean score for BE3  3.22 (n = 9)  3.88 (n = 8)  1.65  No 
Mean score for BE4  3.00 (n = 9)  4.63 (n = 8)  3.63***  Supported 

  

IT has low 
appropriateness for 
application/function 

(TS2 = 2)  

IT has very high 
appropriateness for 
application/function 

(TS2 = 5)  t-value  
Results 
supported 

Mean score for BE1  2.29 (n = 7)  4.50 (n = 8)  8.39****  Supported 
Mean score for BE2  2.57 (n = 7)  4.38 (n = 8)  4.54****  Supported 
Mean score for BE3  2.71 (n = 7)  4.38 (n = 8)  4.90****  Supported 
Mean score for BE4  2.29 (n = 7)  4.75 (n = 8)  9.99****  Supported 

  

IT produces low 
quality output 

(TS3 = 2)  

IT produces very 
high quality output 

 (TS3 = 5)  t-value  
Results 
supported 

Mean score for BE1  2.57 (n = 7)  4.64 (n = 14)  8.57****  Supported 
Mean score for BE2  2.71 (n = 7)  4.50 (n = 14)  5.10****  Supported 
Mean score for BE3  2.57 (n = 7)  4.64 (n = 14)  6.05****  Supported 
Mean score for BE4  2.29 (n = 7)  4.57 (n = 14)  9.94****  Supported 

  

The level of IT 
security is low 

(TS4 = 2)  

The level of IT 
security is very high 

 (TS4 = 5)  t-value  
Results 
supported 

Mean score for BE1  3.80 (n = 5)  4.07 (n = 14)  0.49  No 
Mean score for BE2  3.40 (n = 5)  4.14 (n = 14)  1.57  No 
Mean score for BE3  3.00 (n = 5)  4.14 (n = 14)  1.92  No 
Mean score for BE4  3.40 (n = 5)  4.50 (n = 14)  2.60**  Supported 

  

IT has low 
suitability for site 

conditions 
(TS5 = 2)  

IT has very high 
suitability for site 

conditions 
 (TS5 = 5)  t-value  

Results 
supported 

Mean score for BE1  3.06 (n = 17)  4.25 (n = 8)  3.19****  Supported 
Mean score for BE2  3.18 (n = 17)  4.75 (n = 8)  5.84****  Supported 
Mean score for BE3  3.18 (n = 17)  4.38 (n = 8)  3.53***  Supported 
Mean score for BE4  2.76 (n = 17)  4.63 (n = 8)  5.78****  Supported 
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Table F.15 Interrelationship of the technology/system and strategic competitiveness 
perspectives 
 

Performance 
Indicators from 

strategic 
competitiveness 

perspective  

IT has low 
reliability 
 (TS1 = 2)  

IT has very high 
reliability 
 (TS1 =5)  t-value  

Results 
supported 

Mean score for SC1  2.89 (n = 9)  4.50 (n = 8)  5.85****  Supported 
Mean score for SC2  3.22 (n = 9)  4.53 (n = 8)  3.77***  Supported 
Mean score for SC3  3.11 (n = 9)  4.50 (n = 8)  3.40***  Supported 
Mean score for SC4  3.11 (n = 9)  4.25 (n = 8)  3.70***  Supported 
Mean score for SC5  2.78 (n = 9)  4.38 (n = 8)  5.30****  Supported 

  

IT has low 
appropriateness for 
application/function 

(TS2 = 2)  

IT has very high 
appropriateness for 
application/function 

(TS2 = 5)  t-value  
Results 
supported 

Mean score for SC1  3.00 (n = 7)  4.75 (n = 8)  5.01****  Supported 
Mean score for SC2  2.43 (n = 7)  4.50 (n = 8)  7.49****  Supported 
Mean score for SC3  2.71 (n = 7)  4.75 (n = 8)  8.26****  Supported 
Mean score for SC4  2.57 (n = 7)  4.25 (n = 8)  6.46****  Supported 
Mean score for SC5  2.43 (n = 7)  4.50 (n = 8)  6.18****  Supported 

  

IT produces low 
quality output 

(TS3 = 2)  

IT produces very 
high quality output 

 (TS3 = 5)  t-value  
Results 
supported 

Mean score for SC1  3.00 (n = 7)  4.57 (n = 14)  4.44****  Supported 
Mean score for SC2  2.57 (n = 7)  4.79 (n = 14)  9.55****  Supported 
Mean score for SC3  2.71 (n = 7)  4.57 (n = 14)  6.79****  Supported 
Mean score for SC4  2.71 (n = 7)  4.21 (n = 14)  6.23****  Supported 
Mean score for SC5  2.71 (n = 7)  4.07 (n = 14)  4.43****  Supported 

  

The level of IT 
security is low 

(TS4 = 2)  

The level of IT 
security is very high 

 (TS4 = 5)  t-value  
Results 
supported 

Mean score for SC1  3.20 (n = 5)  4.43 (n = 14)  4.65****  Supported 
Mean score for SC2  3.40 (n = 5)  4.71 (n = 14)  4.78***  Supported 
Mean score for SC3  3.80 (n = 5)  4.21 (n = 14)  0.96  No 
Mean score for SC4  3.40 (n = 5)  4.14 (n = 14)  2.46**  Supported 
Mean score for SC5  3.20 (n = 5)  3.86 (n = 14)  2.03*  Marginally 

  

IT has low 
suitability for site 

conditions 
(TS5 = 2)  

IT has very high 
suitability for site 

conditions 
 (TS5 = 5)  t-value  

Results 
supported 

Mean score for SC1  3.41 (n = 17)  4.38 (n = 8)  2.86**  Supported 
Mean score for SC2  2.88 (n = 17)  4.50 (n = 8)  5.76****  Supported 
Mean score for SC3  3.23 (n = 17)  4.75 (n = 8)  4.89****  Supported 
Mean score for SC4  3.12 (n = 17)  4.25 (n = 8)  3.75****  Supported 
Mean score for SC5  2.71 (n = 17)  4.50 (n = 8)  5.70****  Supported 
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Table F.16 Interrelationship of the technology/system and user orientation perspectives 

Performance 
Indicators from user 

orientation 
perspective  

IT has low 
reliability 
 (TS1 = 2)  

IT has very high 
reliability 
 (TS1 =5)  t-value  

Results 
supported 

Mean score for UO1  2.11 (n = 9)  4.88 (n = 8)  16.53****  Supported 
Mean score for UO2  2.56 (n = 9)  4.75 (n = 8)  7.51****  Supported 
Mean score for UO3  3.11 (n = 9)  4.25 (n = 8)  2.86**  Supported 
Mean score for UO4  2.56 (n = 9)  4.63 (n = 8)  8.16****  Supported 
Mean score for UO5  2.56 (n = 9)  4.63 (n = 8)  8.16****  Supported 

  

IT has low 
appropriateness for 
application/function 

(TS2 = 2)  

IT has very high 
appropriateness for 
application/function 

(TS2 = 5)  t-value  
Results 
supported 

Mean score for UO1  2.29 (n = 7)  4.38 (n = 8)  5.61****  Supported 
Mean score for UO2  2.00 (n = 7)  4.75 (n = 8)  11.00****  Supported 
Mean score for UO3  2.29 (n = 7)  4.38 (n = 8)  6.50****  Supported 
Mean score for UO4  2.71 (n = 7)  4.50 (n = 8)  6.76****  Supported 
Mean score for UO5  2.29 (n = 7)  4.63 (n = 8)  9.00****  Supported 

  

IT produces low 
quality output 

(TS3 = 2)  

IT produces very 
high quality output 

 (TS3 = 5)  t-value  
Results 
supported 

Mean score for UO1  2.14 (n = 7)  3.79 (n = 14)  4.95****  Supported 
Mean score for UO2  2.00 (n = 7)  4.07 (n = 14)  8.45****  Supported 
Mean score for UO3  2.29 (n = 7)  4.29 (n = 14)  8.19****  Supported 
Mean score for UO4  2.57 (n = 7)  4.21 (n = 14)  5.26****  Supported 
Mean score for UO5  2.29 (n = 7)  3.79 (n = 14)  4.98****  Supported 

  

The level of IT 
security is low 

(TS4 = 2)  

The level of IT 
security is very high 

 (TS4 = 5)  t-value  
Results 
supported 

Mean score for UO1  2.20 (n = 5)  3.86 (n = 14)  4.15****  Supported 
Mean score for UO2  2.20 (n = 5)  4.07 (n = 14)  5.62****  Supported 
Mean score for UO3  2.80 (n = 5)  4.07 (n = 14)  3.01**  Supported 
Mean score for UO4  3.00 (n = 5)  4.29 (n = 14)  3.36***  Supported 
Mean score for UO5  3.40 (n = 5)  4.00 (n = 14)  1.07  No 

  

IT has low 
suitability for site 

conditions 
(TS5 = 2)  

IT has very high 
suitability for site 

conditions 
 (TS5 = 5)  t-value  

Results 
supported 

Mean score for UO1  2.24 (n = 17)  4.50 (n = 8)  6.58****  Supported 
Mean score for UO2  2.29 (n = 17)  4.25 (n = 8)  5.68****  Supported 
Mean score for UO3  2.71 (n = 17)  4.38 (n = 8)  4.84****  Supported 
Mean score for UO4  2.76 (n = 17)  4.38 (n = 8)  6.61****  Supported 
Mean score for UO5  2.59 (n = 17)  4.75 (n = 8)  9.08****  Supported 
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6. Strategic Competitiveness Perspective 

 

Kaplan and Norton (1996) suggest the use of correlation analysis to test the expected 

relationships in the scorecard. Accordingly, results of correlation for the strategic 

competitiveness perspective are displayed in Figure F.9 and detailed in Figure F.10. The latter 

figure details each indicator of the strategic competitiveness perspective and the Pearson 

correlation coefficient, for a two-tailed test, with significant indicators from other perspectives. 

Additionally, independent sample t-tests were conducted for each indicator of the strategic 

competitiveness perspective with individual indicators of other perspectives in Tables F.17 

through to F.20. The level of significance of the interrelationship is represented by the 

following: **** p ≤ 0.001, *** p ≤ 0.01, ** p ≤ 0.05, * p ≤ 0.1. 
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Figure F.9 Strategic competitiveness perspective significant correlation overview 
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Figure F.10 Strategic competitiveness perspective significant correlations (two-tailed) 
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Table F.17 Interrelationship of the strategic competiveness and operational perspectives 

Performance 
Indicators from 

operational 
perspective  

IT has caused some 
detriment to client 

satisfaction 
 (SC1 = 2)  

IT-induced 
significant 

improvement in 
client satisfaction 

 (SC1 =5)  t-value  
Results 
supported 

Mean score for OP1  2.75 (n = 4)  4.50 (n = 18)  5.82****  Supported 
Mean score for OP2  3.25 (n = 4)  4.39 (n = 18)  2.31*  Marginally 
Mean score for OP3  2.50 (n = 4)  4.61 (n = 18)  6.55***  Supported 
Mean score for OP4  3.50 (n = 4)  4.33 (n = 18)  2.45**  Supported 
Mean score for OP5  3.50 (n = 4)  4.22 (n = 18)  2.15*  Marginally 
Mean score for OP6  2.75 (n = 4)  4.17 (n = 18)  4.90***  Supported 

  

IT has caused some 
detriment to 

organisational 
competitiveness 

(SC2 = 2)  

IT-induced 
significant 

improvement in 
organisational 

competitiveness 
(SC2 = 5)  t-value  

Results 
supported 

Mean score for OP1  2.83 (n = 6)  4.64 (n = 22)  8.68****  Supported 
Mean score for OP2  2.67 (n = 6)  4.55 (n = 22)  5.36***  Supported 
Mean score for OP3  2.33 (n = 6)  4.59 (n = 22)  8.88****  Supported 
Mean score for OP4  2.83 (n = 6)  4.41 (n = 22)  5.57***  Supported 
Mean score for OP5  2.83 (n = 6)  4.23 (n = 22)  4.02***  Supported 
Mean score for OP6  2.50 (n = 6)  4.09 (n = 22)  5.78****  Supported 

  

IT has caused some 
detriment to 

organisational 
image 

(SC3 = 2)  

IT-induced 
significant 

improvement in 
organisational 

image 
 (SC3 = 5)  t-value  

Results 
supported 

Mean score for OP1  2.75 (n = 4)  4.44 (n = 25)  6.00***  Supported 
Mean score for OP2  3.25 (n = 4)  4.40 (n = 25)  2.35*  Marginally 
Mean score for OP3  2.50 (n = 4)  4.48 (n = 25)  6.15***  Supported 
Mean score for OP4  3.50 (n = 4)  4.32 (n = 25)  2.52*  Marginally 
Mean score for OP5  3.50 (n = 4)  4.24 (n = 25)  2.26*  Marginally 
Mean score for OP6  2.75 (n = 4)  4.00 (n = 25)  4.35***  Supported 

  

IT has caused some 
detriment to 

alliancing capability 
(SC4 = 2)  

IT-induced 
significant 

improvement in 
alliancing capability 

 (SC4 = 5)  t-value  
Results 
supported 

Mean score for OP1  2.60 (n = 5)  4.41 (n = 17)  6.31****  Supported 
Mean score for OP2  3.00 (n = 5)  4.53 (n = 17)  3.29**  Supported 
Mean score for OP3  2.60 (n = 5)  4.53 (n = 17)  6.70****  Supported 
Mean score for OP4  3.20 (n = 5)  4.29 (n = 17)  2.62**  Supported 
Mean score for OP5  3.20 (n = 5)  4.29 (n = 17)  2.73**  Supported 
Mean score for OP6  2.60 (n = 5)  3.82 (n = 17)  4.05***  Supported 

  

IT has caused some 
detriment to 
capability for 

attracting 
sophisticated clients 

(SC5 = 2)  

IT-induced 
significant 

improvement in 
capability for 

attracting more 
sophisticated clients 

 (SC5 = 5)  t-value  
Results 
supported 

Mean score for OP1  2.86 (n = 7)  4.46 (n = 13)  5.39****  Supported 
Mean score for OP2  2.57 (n = 7)  4.46 (n = 13)  5.72****  Supported 
Mean score for OP3  3.00 (n = 7)  4.62 (n = 13)  4.76****  Supported 
Mean score for OP4  2.71 (n = 7)  4.46 (n = 13)  4.66****  Supported 
Mean score for OP5  2.71 (n = 7)  4.46 (n = 13)  4.88****  Supported 
Mean score for OP6  2.57 (n = 7)  4.00 (n = 13)  5.07****  Supported 
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Table F.18 Interrelationship of the strategic competiveness and benefits perspectives 

Performance 
Indicators from 

benefits perspective  

IT has caused some 
detriment to client 

satisfaction 
 (SC1 = 2)  

IT-induced 
significant 

improvement in 
client satisfaction 

 (SC1 =5)  t-value  
Results 
supported 

Mean score for BE1  2.75 (n = 4)  4.44 (n = 18)  5.86***  Supported 
Mean score for BE2  2.50 (n = 4)  4.39 (n = 18)  5.52***  Supported 
Mean score for BE3  2.75 (n = 4)  4.61 (n = 18)  3.77**  Supported 
Mean score for BE4  2.75 (n = 4)  4.50 (n = 18)  6.05****  Supported 

  

IT has caused some 
detriment to 

organisational 
competitiveness 

(SC2 = 2)  

IT-induced 
significant 

improvement in 
organisational 

competitiveness 
(SC2 = 5)  t-value  

Results 
supported 

Mean score for BE1  2.33 (n = 6)  4.50 (n = 22)  8.50****  Supported 
Mean score for BE2  2.83 (n = 6)  4.50 (n = 22)  4.74****  Supported 
Mean score for BE3  2.67 (n = 6)  4.41 (n = 22)  6.44****  Supported 
Mean score for BE4  2.17 (n = 6)  4.55 (n = 22)  11.35****  Supported 

  

IT has caused some 
detriment to 

organisational 
image 

(SC3 = 2)  

IT-induced 
significant 

improvement in 
organisational 

image 
 (SC3 = 5)  t-value  

Results 
supported 

Mean score for BE1  2.75 (n = 4)  4.56 (n = 25)  6.56***  Supported 
Mean score for BE2  2.50 (n = 4)  4.52 (n = 25)  6.27***  Supported 
Mean score for BE3  2.75 (n = 4)  4.52 (n = 25)  3.54**  Supported 
Mean score for BE4  2.75 (n = 4)  4.44 (n = 25)  6.00***  Supported 

  

IT has caused some 
detriment to 

alliancing capability 
(SC4 = 2)  

IT-induced 
significant 

improvement in 
alliancing capability 

 (SC4 = 5)  t-value  
Results 
supported 

Mean score for BE1  2.80 (n = 5)  4.47 (n = 17)  6.30****  Supported 
Mean score for BE2  2.40 (n = 5)  4.53 (n = 17)  6.57****  Supported 
Mean score for BE3  2.80 (n = 5)  4.41 (n = 17)  3.68***  Supported 
Mean score for BE4  2.60 (n = 5)  4.35 (n = 17)  5.44****  Supported 

  

IT has caused some 
detriment to 
capability for 

attracting 
sophisticated clients 

(SC5 = 2)  

IT-induced 
significant 

improvement in 
capability for 

attracting more 
sophisticated clients 

 (SC5 = 5)  t-value  
Results 
supported 

Mean score for BE1  2.29 (n = 7)  4.62 (n = 13)  9.03****  Supported 
Mean score for BE2  3.00 (n = 7)  4.77 (n = 13)  5.33****  Supported 
Mean score for BE3  2.86 (n = 7)  4.31 (n = 13)  3.92****  Supported 
Mean score for BE4  2.00 (n = 7)  4.62 (n = 13)  14.50****  Supported 
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Table F.19 Interrelationship of the strategic competiveness and technology/system 
perspectives 
 

Performance 
Indicators from 

technology/system 
perspective  

IT has caused some 
detriment to client 

satisfaction 
 (SC1 = 2)  

IT-induced 
significant 

improvement in 
client satisfaction 

 (SC1 =5)  t-value  
Results 
supported 

Mean score for TS1  2.50 (n = 4)  4.07 (n = 18)  4.78***  Supported 
Mean score for TS2  2.50 (n = 4)  4.28 (n = 18)  5.58***  Supported 
Mean score for TS3  2.50 (n = 4)  4.50 (n = 18)  6.39***  Supported 
Mean score for TS4  3.25 (n = 4)  4.17 (n = 18)  2.95**  Supported 
Mean score for TS5  2.50 (n = 4)  3.89 (n = 18)  3.88***  Supported 

  

IT has caused some 
detriment to 

organisational 
competitiveness 

(SC2 = 2)  

IT-induced 
significant 

improvement in 
organisational 

competitiveness 
(SC2 = 5)  t-value  

Results 
supported 

Mean score for TS1  2.67 (n = 6)  3.95 (n = 22)  4.78****  Supported 
Mean score for TS2  2.33 (n = 6)  4.09 (n = 22)  7.36****  Supported 
Mean score for TS3  2.50 (n = 6)  4.41 (n = 22)  7.21****  Supported 
Mean score for TS4  3.00 (n = 6)  4.23 (n = 22)  7.09****  Supported 
Mean score for TS5  2.00 (n = 6)  3.91 (n = 22)  11.94****  Supported 

  

IT has caused some 
detriment to 

organisational 
image 

(SC3 = 2)  

IT-induced 
significant 

improvement in 
organisational 

image 
 (SC3 = 5)  t-value  

Results 
supported 

Mean score for TS1  2.50 (n = 4)  4.00 (n = 25)  4.67***  Supported 
Mean score for TS2  2.50 (n = 4)  4.08 (n = 25)  5.00***  Supported 
Mean score for TS3  2.50 (n = 4)  4.36 (n = 25)  6.00***  Supported 
Mean score for TS4  3.25 (n = 4)  3.92 (n = 25)  2.25*  Marginally 
Mean score for TS5  2.50 (n = 4)  4.04 (n = 25)  4.68***  Supported 

  

IT has caused some 
detriment to 

alliancing capability 
(SC4 = 2)  

IT-induced 
significant 

improvement in 
alliancing capability 

 (SC4 = 5)  t-value  
Results 
supported 

Mean score for TS1  2.60 (n = 5)  3.76 (n = 17)  3.97***  Supported 
Mean score for TS2  2.40 (n = 5)  3.88 (n = 17)  5.20****  Supported 
Mean score for TS3  2.60 (n = 5)  3.94 (n = 17)  4.40***  Supported 
Mean score for TS4  3.20 (n = 5)  3.82 (n = 17)  2.27**  Supported 
Mean score for TS5  2.40 (n = 5)  3.82 (n = 17)  4.72****  Supported 

  

IT has caused some 
detriment to 
capability for 

attracting 
sophisticated clients 

(SC5 = 2)  

IT-induced 
significant 

improvement in 
capability for 

attracting more 
sophisticated clients 

 (SC5 = 5)  t-value  
Results 
supported 

Mean score for TS1  2.86 (n = 7)  4.08 (n = 13)  3.64***  Supported 
Mean score for TS2  2.43 (n = 7)  4.23 (n = 13)  6.32****  Supported 
Mean score for TS3  2.86 (n = 7)  4.31 (n = 13)  4.35****  Supported 
Mean score for TS4  3.14 (n = 7)  4.07 (n = 13)  3.35***  Supported 
Mean score for TS5  2.00 (n = 7)  4.23 (n = 13)  11.09****  Supported 
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Table F.20 Interrelationship of the strategic competiveness and user orientation 
perspectives 
 

Performance 
Indicators from user 

orientation 
perspective  

IT has caused some 
detriment to client 

satisfaction 
 (SC1 = 2)  

IT-induced 
significant 

improvement in 
client satisfaction 

 (SC1 =5)  t-value  
Results 
supported 

Mean score for UO1  2.50 (n = 4)  3.67 (n = 18)  2.90**  Supported 
Mean score for UO2  2.50 (n = 4)  4.06 (n = 18)  4.18***  Supported 
Mean score for UO3  2.75 (n = 4)  4.28 (n = 18) 5.17*** Supported 
Mean score for UO4 3.00 (n = 4) 4.22 (n = 18) 7.08**** Supported 
Mean score for UO5 2.75 (n = 4) 3.94 (n = 18) 3.58*** Supported 

  

IT has caused some 
detriment to 

organisational 
competitiveness 

(SC2 = 2) 

IT-induced 
significant 

improvement in 
organisational 

competitiveness 
(SC2 = 5) t-value  

Results 
supported 

  
    
    

  
    

Mean score for UO2  2.00 (n = 6)  4.05 (n = 22)  10.10****  Supported 
Mean score for UO3  2.33 (n = 6)  4.27 (n = 22)  7.76****  Supported 
Mean score for UO4  2.50 (n = 6)  4.23 (n = 22)  6.11****  Supported 
Mean score for UO5  2.33 (n = 6)  3.86 (n = 22)  5.40****  Supported 

  

IT has caused some 
detriment to 

organisational 
image 

(SC3 = 2)  

IT-induced 
significant 

improvement in 
organisational 

image 
 (SC3 = 5)    

Results 
supported 

   
Mean score for UO2  3.88 (n = 25) 3.91*** Supported 
Mean score for UO3 2.75 (n = 4) 4.28 (n = 25) 5.38*** Supported 
Mean score for UO4 3.00 (n = 4) 4.08 (n = 25) 6.65**** Supported 
Mean score for UO5 4.00 (n = 25) 

  

IT has caused some 
detriment to 

alliancing capability 
  (SC4 = 5)   

Results 
supported 

2.50 (n = 4)    
    
    
 2.75 (n = 4)   4.11***  Supported 

(SC4 = 2) 

IT-induced 
significant 

improvement in 
alliancing capability 

 
    Supported 

Mean score for UO2  2.40 (n = 5) 3.65 (n = 17) 3.62*** Supported 
Mean score for UO3 2.60 (n = 5) 3.94 (n = 17) 4.59*** Supported 
Mean score for UO4 3.00 (n = 5) 4.06 (n = 17) Supported 

3.76 (n = 17) 

  

IT has caused some 
detriment to 
capability for 

attracting 
sophisticated clients 

  (SC5 = 5)   
Results 
supported 

   
    
   5.84****  

Mean score for UO5  2.60 (n = 5)   3.67***  Supported 

(SC5 = 2) 

IT-induced 
significant 

improvement in 
capability for 

attracting more 
sophisticated clients 

 
Mean score for UO1  2.14 (n = 7)  4.23 (n = 13)  6.63****  Supported 
Mean score for UO2  2.14 (n = 7)  4.15 (n = 13)  6.51****  Supported 
Mean score for UO3  2.43 (n = 7)  4.08 (n = 13)  4.52****  Supported 
Mean score for UO4  2.71 (n = 7)  4.15 (n = 13)  5.42****  Supported 
Mean score for UO5  2.43 (n = 7)  4.08 (n = 13)  5.27****  Supported 

Mean score for UO1 2.33 (n = 6) 3.73 (n = 22) 4.12**** Supported 

Mean score for UO1 2.50 (n = 4) 3.76 (n = 25) 3.48***  Supported 

Mean score for UO1 2.40 (n = 5) 3.59 (n = 17) 3.34*** 
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