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ABSTRACT 

ABSTRACT 

The performance of the UK construction industry has been challenged by a number of major 

reports (e. g. Egan Report, 1999). A survey of Chinese construction practice carried out as part 

of this research project has shown that many of the problems are shared and that there is a keen 

interest in China to improve performance. 

The research has demonstrated the need for a systematic treatment of uncertainty to support 

decision making in China. The study employed the principles of systems thinking to propose a 

systemic skeleton: WISDOM. It is an advanced perspective that encapsulates the essence of 

systems thinking and lays the theoretical foundation for the production of decision support 

software - JUSTISE. The purpose of the software tool is to facilitate the establishment of new 

thinking within a management system for Chinese construction practitioners. The purpose is to 

help construction practitioners manage risk and uncertainty to improve project performance. 

JUSTISE was born out of PERIMETA and has been designed with many new features and 

functionalities. The software has been tested by a wide range of users from the Chinese 

construction industry. The feedback from the application of the software through 

wisdom catcher. com was collected to prompt its further development. 

Through the application of JUSTISE, systems thinking methodology has been delivered to a 

number of Chinese construction companies. It has been pleasing to find that JUSTISE has 

worked well in the Chinese industrial environment. People have benefitted from the novel 

perspective it provides. More importantly it enables people to better understand and deal with 

uncertainty to improve project performance. 

JUSTISE is still in its infancy and needs to be improved. The software is an aid in the 

continuous rethinking of current experience. It embraces a range of fundamental knowledge 

and enabling technologies to provide systems solutions to complex problems in future 

engineering practice. 
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CHAPTER I INTRODUCTION 

CHAPTER I INTRODUCTION. 

1.1 Objectives 

The objectives of this Chapter are to: 

" describe the background to the research; 

" state the research objectives; 

" present the research learning loop and layout of thesis. 

1.2 Research Background 

1.2.1 General introduction 

China's economic growth is leading to a boom time for its construction industry. 

China is playing a more and more significant global role. Construction expenditure in 

China has surged in recent years and topped 3.3 trillion RMB (205 billion GBP) in 

2005. Spending will continue to grow and is forecast to reach 5.8 trillion RMB (360.3 

billion GBP) in 2010 (China Statistics Year Book, 2006). The Chinese construction 
industry has been developing to meet the demands of its industrial revolution. This 

rapid growth has undermined its overall performance. It has a less well developed 

legal framework and industrial structure than the West. It has to catch up on 
technological and management knowledge in order to increase its international market 

share (China Construction Outlook - 2010,2006). The Ministry of Construction 

(MOC) has called for greater efforts to implement new strategies to invigorate the 

construction industry through science and technology, education and the cultivation of 

new talent. 

Improving the Chinese construction industry depends on developing a "setting for the 
future" strategy which will enhance research and education and encourage the skills 
and talents essential for improving competitiveness. 

Since 2000 the Shanghai Municipal Government (SMG) has responded actively by 

encouraging cross-disciplinary research and the cultivation of skills and talents. The 

movement called "21st Century Talent Strategy" (CTS) has been set up to cmphasisc 
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CHAPTER I INTRODUCTION 

fundamental research and technology in a diversity of fields such as management 

science and information technology. 

As part of CTS the Shanghai Construction Group (SCG) has a corporate development 

target which will increase investment in the recruitment and training of talented 

professionals. SCG has set up a scheme to enhance its strength and competitiveness 
in the global construction market which is called a Corporate Talent Cultivating 

Model (CTCM). It consists of six modules. 1) Opening up construction market 

practice. 2) Establishing a competitive mechanism. 3) Promoting the services of 
design institutes. 4) Empowering professional bodies. 5) Encouraging technological 

innovations. 6) Upgrading the educational level of employees. The aim is not only 

to accommodate appropriate international practice, but also to adapt and adopt it in 

China. 

SCG has been seeking effective methods for improving its management performance. 

The research described in this thesis is financed and supported by CTS through SCG 

together with SCA (Shanghai Construction Association). The key objective of the 

research is to develop an integrated methodology and produce a practice-based 
decision-support tool. The need is to introduce new thinking systematically to 

manage uncertainties and risks in construction project management to deliver 

improved, best practice performance. 

1.2.2 A strategic review of SCG 

SCG is a state-owned enterprise established in the 1990s. It is one of the 120 large 

state-owned enterprises chosen by the State Council to introduce a shareholding 

system. It is also one of the key enterprises groups that receive support from the 

Shanghai Municipal Government and the MOC. 

SCG pursues quality through service, safety and environmental excellence with 

innovation in technology and management systems. The Company has been 

aggressively moving towards higher quality and more technically challenging projects. 

In over 20 years it has completed more than 500 projects some of which have been 

very large and multi-disciplinary. The total includes industrial buildings, commercial 
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buildings, residential buildings, hospitals, hotels, public buildings, such as the Pu 

Dong Airport Terminal I and 2; as well as civil engineering works in piling, site 
formation, tunnelling, highway, bridge construction, fast track projects and 

mechanical and electrical engineering works. The scope of its business has 

dramatically expanded to include architectural design, real estate investment and post- 

project maintenance. Its annual overall income is around 25 billion RMB (1.7 billion 

GBP) (SCG Review, 2005) and has been listed in the top-50 contractors of the world 
(Engineering World Records, 2005). 

1.3 Four Research Needs 

"... The decisions for modern life are complex giving rise to often intractable 

uncertainty in decision-making. Different perspectives lead people to perceive and 

seek to manage the world in different ways... " 

Rayner (1998) 

1.3.1 The need to understand the complexity of risk and uncertainty 

Construction is a complex process consisting of many fragmented organisations 

which come together to collaborate to produce a complex artefact which has to 

operate in a complex world 

Maxwell et al (2002) states that a complex system contains 'many components and 

layers of subsystems with multiple non-linear interconnections that are difficult to 

recognise manage and predict'. Decision-making has to consider a variety of often 

conflicting and contradictory perspectives, understanding, interests and needs. 

Blockley (2000) says that 'risk is the chance of an uncertain event and its 

consequences for our intended purpose set in a context that needs to be understood'. 
He classified uncertainty into three types: 'fuzziness, incompleteness, and 

randomness' (Blockley, 2000). Uncertainty is an inherent part of complexity. There 

are currently few satisfactory methods and tools targeted at helping the management 

of uncertainty and risk in a complex system. The need is to manage all risks to total 

success in providing 'whole' quality. It requires the integration of evidence from 

many sources. 
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1.3.2 The need for measurement 

The purpose of measurement is to provide information that can guide behaviour. 

Where it is lacking then qualitative judgment will be needed to identify, monitor and 

control risk and uncertainty. Assessment of risk and uncertainty depends on the 

reliability of available evidence much of which will derive from performance 
indicators. Various indicators include costs, benefits from mitigation measures, 

welfare, quality of the environment, indicators of risk exposure and the value at risk. 
The amount of data and relationships are large. Therefore many kinds of model are 

used to support decision-making support for various processes and the challenge is to 
find a way of integrating them. 

1.3.3 The need for good engineering design 

Engineering design involves the selection of solutions, methods, business scope and 

geometries to satisfy human need. It requires designers to work creatively within a 
technically rigorous approach to produce best quality design. The need is to manage 

complexity by decomposing the design process into smaller engineering tasks, 

assigning them to individuals and organisations and then to integrate the results back 

into a coherent whole (Kusiak and Park, 1990, Stewart, 1991). 

1.3.4 The need for an "integrated view" 

An integrating approach is necessarily an interdisciplinary one. Fischer (1989) 

defined 'integration' as 'the continuous interdisciplinary sharing of data, knowledge, 

and goals among project participants'. It was also defined by Betts and Brandon 

(1995) as 'the sharing of something by somebody using some approach for some 

purpose'. Integration in construction could be described as a structured process of 
dealing with complex issues, using knowledge from various disciplines, in such a 

manner that integrated insights are made available to decision-makers. A good model 
for integration in practice can be found in the improvement of the quality of an 
industrial facility quality described by Fergusson and Teicholz (1996). 
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CHAPTER I INTRODUCTION 

An integrated approach to state-of-art knowledge has been eagerly expected by many 
Chinese construction undertakers who have been suffering from poor management of 

risk and uncertainty for many decades (China Construction Year Book, 2004-2006). 

Figure 1-1 shows a hierarchy of some of the mutually interacting factors that affect 
decision making. The most basic and overarching, such as interdisciplinary 

engineering and science, are at the top. They influence the layers below as you go 
down the hierarchy. Notice the central role of an active interface to produce an 
integrated vision. 

NTERDISCIPLINARV SOCIAL SECTORS 
ENGINEERINGAND 

)--d 
(CAM. RNWIENT, 

SCIENCE I 
ETC. ) 

AND SOCIAL 
v lllpoTlIESES 

VN(T. RTAINTIFS UNCERIAINTIES 

ACTIVE 
INTERFACE 

INTEGRATED 
VISIONS 

DECISION- 
MAKING 

PROUSSUS 

Figure 1-1 An integrated view for decision-making 

(Souive: Van Asself, 2000) 

1.4 Research Aims 

The task of decision-support is to assist decision-makers to manage risk in an 
uncertain world by structuring and facilitating the search for robust activity. 
Uncertainty and risk is an inherent part of complexity within project management. 
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The overall aim of this research is to facilitate the interplay between the progess i, )f -a 

VXQýNz(-k -&I\-& VXAZ &65ýxoxx-making needed to keep it on the road to success. 

1.5 Research Hypothesis 

The research was based on the following hypothesis 

There is a need to develop a new tool. for managing uncertaintv to 
deliver best construction performance in China. 

This hypothesis will be falsified if an existing highly tested and useful 

approach/method is found in Chinese construction practice that enables Chinese 

construction professionals to address and manage all types and sources of uncertainty 

and risks in such a way that they can understand and deliver high quality construction 

perfonnance. 

1.6 Research Objectives 

The research hypothesis leads to the following research objectives. These are to: 

" produce a critical account of Chinese construction performance through a survey- 
based methodology supplemented with the UK-based workshop; 

" review current best practice in decision support for uncertainty and risk 

management, and to identify challenges for civil engineering design; 

0 review essentials of "systems thinking"; 

" review PERIMETA for monitoring construction performance and project 

management; 

" design and test a decision support tool based on an upgraded PERIMETA with 

website support; 
" implement a real case study and gain feedback from users through an c- 

questionnaire. 

1.7 Leaming Loop and The Layout of This Thesis 
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The whole research loop is fon-ned by a series of active learning processes as depicted 

in Figure 1-2. It presents a continuous improvement cycle and a rational approach 

that works towards, and then back from a clear vision of the future. Within each node 

there is an internal loop corresponding to 'research loop' in four stages: problem 

formulation, investigation and analysis, synthesis, application and feedback. 

NDERSTANDING APPLICATION AND FEfidOBACK VALUES, 
PURPOSE AND 

NEED 

MPLEMENTING ESIA13LISHING 
JUSTISE AND RESEARCH 

GAINING O&JECTIVES 
FEEDBACK PR LEM FORMULATION 

PRODUCE 
CRITICAL 

ACCOUNTFOR ESIGNING 
SYSTEMIC CHINESE 

FRAMEWORK RESEARCH LOOP CONSTRUCTION 
AND PRODUCING PERFORMANCE 

JUSTISE 

REVIEWING 

REVIEWING ITERATURE. AND 
SYNTHESI PERIMETA 1-01&-, 

IDENTIFYING THE 
CHALLENGES 

REVIEWING 
SYSTEMS 
THINKING 

TIGATION AND ANALYSIS 
--! 

ýyksý 

Figure 1-2 Description of research leaming loop 

The premise of this research is that systems thinking methodology can be used to 

improve the performance of Chinese construction practice. In Chapter 2 the ever- 

increasing need to improve project performance with philosophical and theoretical 

rigour is identified through learning from UK and Chinese practice. The 

fundamentals on which the research will be developed are set out. 

Chapter 3 will contain a state-of-the-art overview of decision-making technologies, 

engineering design and decision support system. Strengths and weaknesses are 

examined. Reviews of current systems thinking ideas will be introduced in Chapter 4. 
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A framework will be proposed in Chapter 5. It involves extending the PERIMETA 

software that has been developed by the Bristol Systems Group. The aim is to create 

synergy between innovation and human creativity using IT. A joined-up thinking 

decision -support system is needed to cover all angles and perspectives. The decision- 

support software "JUSTISE" and its affiliated website will be introduced in Chapter 6. 

In Chapter 7 an investigation into the "Information Centre of the University of 

Shanghai Engineering and Science" and carried out by SCG No. 2 Ltd will be 

described. The results will reveal some of the critical problems existing in the project 

management and shed some new light on how uncertainty and risk are managed and 

analysed. A number of construction professionals in China will be requested to 

examine the potential of JUSTISE in various possible contexts. Feedback will be 

collected and analysed via the means of online questionnaire to bring in some 

constructive ideas to develop JUSTISE for the future. 

Chapter 8 will contain final reflections and conclusion. It will set out what we need to 

do for the future. Rethinking is an ongoing process that underpins the rigor of 

research and improves our knowledge to generate ideas for future work. 
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CHAPTER 2 

THE PERFORMANCE OF UK AND CHINESE 
CONSTRUCTION 

2.1 Objectives 

The objectives of this chapter are to: 

" review recent issues in the perfori-nance of the UK construction industry; 

" establish a connection between performance and risk; 

" review recent perfon-nance of the Chinese construction industry; 

" describe a survey to explore the critical factors and concerns in the management of risk 

and uncertainty within the Chinese construction industry; 
" describe how those concerns have been supplemented by feedback frorn a UK learning 

workshop. 

2.2 Introduction 

Chinese construction players, including academics, are being strongly encouraged, by the 

Chinese Government, to explore and use new ideas to deliver new methods and techniques 

into Chinese construction practice. The practical lessons and experience from advanced 

construction industries can provide Chinese construction actors with a more 

comprehensive view and effective way of developing new thinking and methodologies. 

Regardless of the maturity of its industries or the advanced level of current management 

technologies UK has a leading position on the global stage of construction project 

management. The UK construction industry has changed over the last few decades by 

moving away from traditional modes of operating to a more business-like approach 

(Barrett, 1993). The many complex issues are being dealt with through the rapid 

development of a wide range of skills within construction industry. Sir John Egan (1998) 

stated: "... at its best UK construction industty displays excellence.... In formulating our 

proposals. fin- improving peýlbrmance vve have studied the experience that has been gained 
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at the cutting edge of construction and in other industries that have transfOrmed 

themselves in recent vears. 

The research described in this thesis is based on the idea that through an investigation of 

the UK construction industry a perspective through which to review Chinese construction 
industry will emerge. The starting point for the following is thus to carry out a review of 

the current state of the UK construction industry. 

2.3 A Review of the UK Construction Industry 

2.3.1 Latham and Egan 

Over last few decades, a number of reviews of the UK construction industry have been 

published. The ability of the construction industry to innovate and manage change has 

been widely debated for example by Betts and Ofori, 1992; Gale and Fellows, 1990-, 

Barrett, 1993; Lansley, 1987; Ambrose et al, 1996. The flexibility to realign limited 

physical, technical and human resources to meet rapid changes in the construction markets 

and the preferred procurement methods of clients (Lansley et a/, 1979) for de%'el()Plng a 

wide range of problem-solving skills have been encouraged and proposed (David. 1991; 

Eppink, 1975; Peters, 1988, Bell, 198 1; Moore, 1984). Apart from these, recently the most 

influential work within UK industry is the comprehensive reports from Lithinn ( 1994) and 

Egan(1998). 

A constant theme is that the UK construction industry has been performing poorly for 

many years through the "late delivery of projects, and significantly over budget" (NAO, 

2001). Egan (1998) states: "... there is no doubt that substantial improvements in qualilý, 

and efficiency are possible. Indeed, they are vital ýf the industly is to satisli, till its 

customers and reap the benefits of becoming a world leader. " As a major client the UK 

government was urged to improve construction perfon-nance. As a result two important 

groups looked into ways of improving the efficiency and perfon-nance of the construction 

industry: "Constructing the Team" (Latham, 1994), and "Rethinking Construction" (DETR, 

1998). 
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The group chaired by Latharn (1994) sought the views of contractors and key private and 

public sector clients. They proposed a clear action plan with timescales and nominated 

people to implement its recommendations. They concluded that if their recommendations 

were implemented, there was the potential to achieve efficiency savings of 30 per cent over 
five years in total construction costs. They asserted that implementation must begin with 

the client and recommended that the Government commit itself to becoming a best practice 

client. Several changes were called for including the establishment of a single organisation 

to bring together all sections of the industry and clients; more standardisation and effective 
forins of contract, which address issues of clarity, fairness, roles and responsibilities, 

allocation of risks, dispute resolution and payment; the establishment of a single central 

public sector register of consultants and contractors. (NAO, 2000-2001 ). 

Five Kc) Drivers 
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"Rethinking Construction" (DETR, 1998) strongly reinforced Latharn's recommendations. 

It said that fi-orn the clients' perspective the industry needs to look for opportunities to 

improve the efficiency and quality of delivery of UK construction, to "reillfbi-ce the 
impetusfin- change and to make the industiý, more responsive to customers needs". They 

emphasised that the industry should not: "look at what it does and do it better, but that the 
industi: v and Government should. joinfin-ces ivith mqjoi- clients to do it enth-eli, diftei-entlY ". 

They identified (Figure 2- 1) five "drivers" for improvement; four key processes which had 

to be significantly enhanced and set seven quantified targets for the level of improvements 
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to be achieved. These targets included annual reductions in construction costs and delivery 

times of 10 per cent and reductions in building defects of 20 per cent a year. 
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Figure 2-2 summarises the aspects of the management of construction that require 

improvement. All of the more recent reviews agree that a significant contributory factor is 
the tendency for an adversanal relationship to exist between construction firms, 

consultants and their clients and between contractors, sub-contractors and suppliers. The 

construction industry has a strong culture of distrust with no recognition of the benefits of 

cooperation (Wood and McDermott, 1999). This is attributed, in part, to clients placing too 

much emphasis on lowest price when awarding contracts (NAO, 2000-200 1 ). 

Egan ( 1998) advocated the use of 'partnering'. His report stressed that good relationships 

need to be based on mutual trust to benefit clients by improving perfon-nance and reducing 

costs. He proposed a clear action plan with timescales and nominated people to implement 
their recommendations. Partnerships should develop a shared view of the importance of 
building a research capacity and on the need to bring the results of research to the attention 

of decision-makers. The report wanted "a change of style, culture and process". Clients 
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need to develop a multi-criteria view to recognise the trade-off between lowest tender and 

delivery of value (Merria & Smith, 1990; Latham, 1994; Egan, 1998; Fowler, 1998; Wong, 

Holt, Harris, 2003, etc. ). The construction supply chain needs integrating (Stevens, 1989; 

New & Payne, 1995; Taylor, 2002, etc. ) and the level of litigation between industry and 

clients reduced (Latham, 1994; Hughes & Gray, 1997; Egan, 1998, etc. ). Improving the 

quality and cost effectiveness through the greater use of standardised components is also 

recommended in the DWP (Department for Work and Pension) Report (2004) and NAO 

(National Audit Office) Report (200 1 ). 

2.3.2 The North Tyneside Partnering Agreement 

In response to Latham and Egan a number of cross industry bodies were formed to drive 

the necessary changes. For example Latham (2004) recommends "The Noi-th Tyneside 

Partnering Agreement" NTPA as an example of best practice in partnering. It is a strategic 

partnering framework that brings together the council and three building contractors 

(North Tyneside Council, Gordon Durharn Ltd, The North Tyneside Construction Group 

and ROK Group) to carry out the council's building capital works programme. It is based 

on the concept of the 'Seven Pillars of Partnering' suggested by the University of Reading. 

The 'Seven Pillars of Partnering' (Figure 2-3) forrns a control systern to deal with the 

rapidly changing markets and technologies of today's construction industry. Each of 

'Seven Pillars' represents a set of management actions. The first four pillars are taken in 

turn to demonstrate how the NTPA was built up. The final three 'pillars': benchmarks, 

processes and feedback are the framework for describing how the NTPA delivers projects. 
The need for a further, eighth function emerged, namely that of Maintenance and 

Improvement, which describes the ways in which the partners were able to incorporate the 

project learning acquired from feedback through these stages, into future strategy for 

partnered projects in NTPA. 

Over three years and 50 projects worth E80 million, the NTPA has achieved: a) better 

relationships with no litigation or claims; b) high levels of client and user satisfaction, c) 
better time performance - with one project finishing a full year ahead of schedule; d) better 
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value - with an average of 25% cost savings on the trades engaged on a strategic basis; e) 

better projects - by engaging the supply chain (NTPA, 2004) 
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Figure 2-3 The Design of NTPA 
Source: School of Building Environment Northumbria University 2004 

2.3.3 Constructing Excellence 

"Constructing Excellence" is an industry wide initiative to form a bridge between industry, 

clients, government and the research community. It has three major business streams 

which are: major government programmes (e. g. a contract with the DTI); membership 

programmes; and other commercial contracts. Significant progress has been made in 

driving these initiatives into practice by publishing many examples of projects that have 

been run in accordance with the new principles. 
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2.3.4 Sustainable Construction 

Greater confidence about project timings and budgeted costs should lead to fewer accidents 

and more sustainable construction (NAO, 2001). As well as partnering, strategies can 
include the improved production and supply of construction materials and products 
involving building services manufacturers, providers and installers, contractors, 

subcontractors, professionals, advisors and construction clients and organisations relevant 

to the design, build, operation and refurbishment of civil engineering works and buildings 

(SCTG, 2000). The Sustainable Construction Task Group identified in their report 
"Towards Sustainability-A Strategy for the Construction Industry" (2000) a 'ladder' with 

each rung representing a key area in which progress has to be made to achieve sustainable 

construction. There has been much progress in moving towards the overall goal set out by 

the 2000 strategy, but more is required. There have been some good follow up reports, 

three of which are 'Sustainable Construction Strategy Report' (DTI, 2006), 'Review of 
Sustainable Construction' (DTI, 2006) and 'Improving Public Services Through Better 

Construction' (NAO, 2005). 

2.4 Establishing A Connection Between 'Performance' and 'Risk' 

Performance is defined as "the way in which someone or something functions" in the 

Dictionary of the English Language (2000). Best performance is achieved by a constant 
improvement in the delivery of quality as defined by function, safety, economy, 

sustainability etc. Continuous improvement is accomplished by measuring and analysing 

performance (Kashiwagi, 2002). 

Risk can be described as either "the chance of loss or gain " (Leiss, 200 1), or "the chance 
that a particular set of conditions will happen in a stated context" (CES, 2004). 

Conventionally, risk can be managed through the processes of identifying hazards and 
finding the chance that they will occur then determining and evaluating contingencies and 
keeping records. Chapman and Ward (2002) argue that "risk management is one of the 

most criticalproject management practices to ensure a project is successfully completed'. 
Unfortunately, within the construction industry, risk is too often not managed well 

resulting in poor project performance (Tah and Caff, 2000). Thus major questions have to 
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be addressed. For example who should decide on the acceptability of a risk'? What risks 

should be taken into consideration? Who will be affected by the risks? What conditions 

must be present for the decision on the acceptability or unacceptability of risk to be made'? 
How can risk management be improved? 

Blockley (2005) defined performance as the carrying out of a process including a function, 

action or task to meet a specification or need. The attributes of a process are categorised 

under the six headings of why, how, who, what, where and when and all (including KPIs) 

can be measured or assessed. The values of these attributes at any point in tirne are a 'state 

of affairs' that describe a level of performance. Performance managernent is the taking of 

decisions and actions to deliver a perforinance level that varies through time towards 

success. Success is the achieving of stated objectives. At any point in time there are risks 

in the future that any one of a number of states of affairs or hazards may or may not corne 

about. An analysis of the chances of these hazards infonns perfon-nance management 

decisions. Hence risk and performance are intimately connected through process. 

In summary processes need to be managed so that better performance is delivered and the 

risks of non-performance or reduced perfon-nance mimmised. 

If risks are better managed and cooperation is successful then many of the risks could turn 

into opportunities to improve and increase the performance in the construction projects 
(Kiemetti, 2006). 

The NAO Report (2001) on "Modernizzing Construction "highlights the inadequate use and 

understanding of value and risk management as major barriers to improvement in 

construction performance. People tend to rely on existing identified risks and use 

conventional tools. Cokins (2005) argued that most organisations cannot quantify their 

risk exposure as a probability of a risk occurring x total loss if it occurs. They also have no 

basis on which to evaluate their risk appetite as the amount of risk to be absorbed to 

generate an expected return. 
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Establishing a connection between risk and perfon-nance may improve our perception of 

risk. Smart (2007) proposed a framework (Figure 2-4) to address the interrelationships 

between perfon-nance (by using key perfon-nance indicators), risk (by using key risk 

indicators) and control (by using key control indicators) both from a micro view (the 

context of specific objectives) and macro view (context of overall strategic environment 

and organisational strategy). 

What is the organisational strategy 
and its strategic objectives 

What may compromise 
achievement of strategy? 

How to reduce process deviation to 
manage perfon-nance and risk? 

Figure 2-4 The relationship diagram between risk and rwrformance 
(Source: Smurt. 2007) 

The integration and alignment of risk and perfon-nance enables a holistic view through 

which each performance indicator may be monitored so that a state of affairs which is a 

hazard can be avoided. At any point in time there is a chance that any one of a set of 

hazards will come about. Performance management is about taking decisions and actions 

to manage KPIs so that any one of the hazards does not actually come about. 

2.5 A Perforimance-risk-led Review of Chinese Construction Industry (CCI) 

China's first national economic census showed that the construction industry employed 
32.53 million people at the end of 2004 (China Industry News, 2005). Arnong them 27.914 
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million people were working in the 128,000 corporate bodies of the construction industry, 

according to the census bulletin released by the National Bureau of Statistics in 2006. The 

central government plan "The Eleventh Five-Year Plan (2006-2010)" stipulates that the 

construction industry must improve design standards, construction and management. The 

construction market should be continuously reformed, rectified and standardized to further 

guarantee quality construction projects and implement new construction materials (China 

Statistical Yearbook, 2006). 

The construction industry in China has maintained a strong level of development in recent 

years demonstrating a higher growth than that of its gross national product. By embracing 

sustainability of design the CCI (Chinese Construction Industry) is addressing its rapid 

growth and management of resources. Best practice is probably the Dongtan Project, 

which aims to use renewable energy and reuse or recycle everything and to be totally 

carbon-free. It is an alliance of the Shanghai municipal government and domestic and 
international contractors and is an example of the way the whole industry has been 

introducing such forward-thinking to the world. CCI is developed quickly and the system 

of construction that fits to the world customs is being established (Wang el al, 2006). 

Globally CCI has been playing an increasing role in international project tendering by 

offering competitive prices and efficiencies (China Construction Year Book, 2006). An 

ambitious business strategy reveals that the Chinese are involved in thousands of 

construction projects, such as a new railway line from Lagos to Abuja in Nigeria and a 

nuclear power plant in Egypt (China Daily, 2006). Although there are instances of Chinese 

companies completing work of substandard quality, they have clearly proved themselves 

capable of achieving extremely high quality work. Two Chinese contractors have been 

listed in the ten biggest construction firms in the world for the first time has underlined the 

rapidly changing nature of the global construction industry 

(httpllwww. designbuild-network. com/f`eature858/lýmagel042). 

It has been reported that CCI has suffered from reduced profits caused by neglecting a 

number of factors (China Construction Year Book, 2006). These factors have been directly 

or indirectly associated with lack of enforcement of quality control (e. g. 40 deaths in 
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Chongqing rainbow bridge's collapse, 2005); unscheduled overload work; poor 

management of subcontractors (e. g. 7 deaths in a building collapse at Heilongjiang 

Province); lack of inspection of construction procurement (e. g. delay-caused termination 

of contract between SCG and Chengdu municipal government); mandatory requirement by 

the client (mainly as government) and some corruption and bribery (CCIA, 2006). In 

general, the whole industry is performing poorly and being urged to reform (Ding el al, 
2006). 

The level of standards in quality control and management skills in Chinese companies 

varies very much with the scale of firm. Many Chinese construction companies have 

commented on the lack of good skills, experience, knowledge and advanced management 

technologies for managing risk and uncertainty in construction practice (Chen, 2005; Zou. 

et al, 2007; Liu et al, 2007; Huang et al, 2005). "Improper management and 
disorganisation of project risk control" is quoted as a key factor for the CCI reflecting a 
"low proflf'industry that is achieving only a 2-3% profit rate and burdened with 65% debts 

rate (China Industrial and Commercial Daily, Mar 2007; CCIA, 2007; China Daily, 2006). 

To achieve a step improvement in overall construction performance, the construction 
industry needs to develop a new culture that focuses on delivering better value to the 

customers on a continuous basis. This can be established through successful and effective 

risk and uncertainty management practices (Liu et al, 2007). A pilot (ICCE) review 

conducted by Ding et al (2005) urged the need for the whole Chinese industry to connect 
the management of risk more closely with improvements in performance. To the author's 
best knowledge, unfortunately not many researchers in China have addressed this linkage 

as discussed in section 2.4. Sadly more efforts have been put into the promotion of 
financial issues. A recent survey (Wang et al, 2006) revealed that the majority of Chinese 

construction firms (including traditional ownership firms and shareholding firms) selected 
'maximising profit' as their primary objective with little emphasis on appropriate 

applications of risk and uncertainty management to achieve improved quality. It is 

apparent that the impact of risks in construction projects poses immense challenges (Wang 

and Liu, 2004). There is not only a shortage of knowledge for performance management 
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systems covering cost control, construction planning, resource allocation, value 

management, life cycle appraisal, safety management and quality assurance, etc., but also a 
lack of well-organised knowledge management for storing, characterising and quantifying 

newly explored risks that enables project undertakers to consolidate their business 

strategies and perfonnance management actions. The aims have been to improve 

productivity or achieve the projected annual output set by a corporate board of directors, or 
its management, or the board of an enterprise group to increase its market share. There 

tends to be a crucial neglect of the need to take a more pluralistic view of performance in 

construction practice (Han, 2005). Ding et al (2006) argue that such tendencies will 

compromise the growth of the construction industry. 

A holistic view of risk can be used to examine how well the industry perforrns (Li, et al., 
2005, Qiu et al, 2003). For example it has been suggested that the degree to which a 

comprehensive management of risk and uncertainty is used on a project is proportional to 

the extent to which a project performs. More importantly, it may guide construction 

companies to find good ways of reviewing their construction processes if the level of the 

management of risk and uncertainty represents a "performance value" (Yang, 1996; Shen, 

and Lo, 1999). As discussed in the section UK review, "Constructing Excellence" (2.3.3) 

is acting as one of best guides for improving industry performance. Chinese construction 
industry could well set up a similar programme of activities to help develop innovation, 

productivity, best practice knowledge and engagement. Construction policy-makers need 
to identify a vision of an integrated construction industry that is capable of continuous 
improvement towards excellence in a market-driven environment. 

2.6 Exploring the Needs for Survey 

The survey will be conducted in basis of the following needs: 

Unearthing the riskjactors within CCI 

It is of great importance to find out and quantify the multifaceted risks associated with 

project performance. This is because a construction project involves numerous 

unpredictable and complex processes where the location, type of contract, techniques, 
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organisational. communication, project scheduling, quality assurance and cultural issues, 

are contributing significantly to quality of performance (Tam et al, 2003; Chan et al, 1999). 

However, there is some evidence from Chinese projects to show that these issues are not 
being adequately dealt with (CCIA, 2007). Construction activities in China are exposed to 

many risks which may be neglected and not properly managed (Wang and Liu, 2004). 

Although the lack of promotion of well-structured performance management has been 

recently addressed by some academics (Ding et al, 2006; Liu et al, 2004; Li, 2004; Wang 

and Xue, 2004), much of the literature does not engage deeply with critical issues regarding 

current problems in practice (Ding et al, 2006). It thus appears that some of the generic 

problems threatening the performance of CCI may not have been properly explored. 

Shortage of literature resource and experience is remarkable 
Searching for Chinese literature on Chinese construction performance with reviews of risk 

management practice is not straightforward. Many of the papers that are available have 

been published in the Chinese language and not therefore internationally available. 
Nevertheless knowledge and practice on Chinese constriction risk management is still very 
limited (Liu el al, 2007). The application of risk management into China's construction 
industry was first proposed 15 years ago (Shen, 1990). The lack of experience makes it 

very difficult to change Chinese contractor's and client's attitude towards risk management 
(Liu et al, 2007). Zou et al (2007) added that little effort in both research and practice has 

been committed to systematically identify and manage risks in the CCI. However there 

have been research contributions for example regarding risks in Sino-foreign construction 
joint ventures (Shen et al, 2001) or risks in the construction market by Fang et al (2004). 

Although academic efforts might be expected to promote a particular point of view, some 

of them tend to be narrow in scope and rely much on western experience that may not be 

relevant to the Chinese context (Si et al, 2006). Zou et al (2007) argued that overseas 

research and experience can contribute to risk management, but may not suit Chinese 

construction with its unique economic, cultural and political context. Governmental and 

corporate prohibition sometimes restricts the availability of specialist knowledge. 

Addressing the perceptions andperformance of clients and contractors is critical. 

YU CHEN 
DEPARTMENT OF CIVIL ENGINEERING, UNIVERSITY OF BRISTOL 



CHAPTER 2- THE PERFORMANCE OF UK AND CHINESE CONSTRUCTION 

Different parties to a construction project face a variety of different risks. Construction 

industry performance problems are being mainly caused by the behaviour of clients and 

contractors. Examples are delivery process and cost control according to Kashiwagi et al., 
(2005). These problems have been expressed as "the risks ofcontractors'inability tofinish 

on time, on budget, and meet the expectations of the clients; a shortage of competent 

entry-level personnel within contractors and clients,, the diminishing value and profit of 
high-quality construction services; the declining quality ofconstruction" (Rosenbaum et al, 
2002; Post, 1998). The consensus seems to be that poor performance is often the fault of 

non-performing contractors (Butler, 2002). However some research concludes that the 

reason for poor construction is the clients' inability to competently outsource (Elliot, 200 1). 

Langford and Fcllows (1993) also address the risk of how clients characterise construction 

performance. The ability of clients to distinguish between effective and ineffective 

construction finns has rested on how far they can judge the capability of a firm to manage 

change in performance (Ambrose et al, 1996). 

Understanding how stakeholders perceive risk is also essential for communicating with 

them effectively. Some of the literature indicates that cross-cultural disparities are evident 
between western and Chinese perceptions, judgments or evaluations of risk (Chen and 
Rohrmann, 1999; Yang et al, 2007). Zou et al (2007) said 11 ... to tackle risk appropriately, 

strategies to manage risks were soughtfrom theperspectives ofproject stakeholders under 

the Chinese industry background and culture". In China construction contractors and 

clients bear more risks (Qi et al, 2006; Liu et al, 2007) and become the two key risk 

undertakers in a construction project because they get more actively involved in project 

processes and more directly influence project success (Shen et al, 2006; Ding el al, 2005; 

Ding et al, 2006). In particular, it appears that some contractors do not have a realistic 

attitude to construction risks (Liu et al, 2007). However there seem to be not many 

examples of a comparative analysis of perceptions of contractors and clients in the 

mainland of China with other countries. The question of who takes the critical role of risk 

undertaker (namely who bears most critical risks) has become important but has not 

attracted much attention in the Chinese research literature. 
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2.7 A Survey-based Investigation of Risk Management in Chinese 

Construction Practice 

2.7.1 Methodology 

F- 
Clients' perceptions Contractors' perceptions I 
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Figure 2-5 Description of the Implementation of Performance-oriented Obeservational Processes of Survey 

The aim is to explore the critical features of Chinese construction performance. A 

reflective learning methodology, consisting of a series of observational processes, is shown 
in Figure 2-5. 

The first part of the survey is aimed at firstly distinguishing attitudes and perceptions 
between Chinese contractors and clients about various construction risks identified in a 

questionnaires. The aim is to clarify who carries which risks. The attitudes and 

perceptions of Chinese construction contractors (CCC) will be compared with those of 

Identifying risks 

Commuction Project Level 

Country Level Market Level 
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clients. The importance of various construction project-related risks and how the risks 

could be re-allocated between the parties within a project will be examined. Secondly, a 

set of quantitative methods of measuring, judging risks will be used to reveal some of the 

critical issues. Thirdly, reflective learning will be implemented by integrating the 

respondents' comments and feeding them back. 

2.7.2 Background information 

A review of the Chinese construction industry and risk management was carried out to 

provide initial background knowledge and to compile the list of possible risks. Information 

was refined after discussions with some project managers, researchers together with some 

experienced academics. A questionnaire-based survey was carried out from July I ", 2004 

to December 3 Is', 2004. It was aimed at project sponsors, developers, investors, local 

authorities, contractors and university academics that have experience in the initiation, 
funding, planning, and construction management, and are able to well represent the 

corporate entities (see Section I of Appendix 1). 200 copies of the questionnaires were 

totally distributed by post, e-mail, and interviews. 

tatistical Indicators 

Participant cip 

t Originally 
distributed 

Copies 

Total 
received 
copies 

Total 
filtered 
copies 

Effective 
feedbacks 

Total/Effective 
corresponding 

rate of Feedback i , 
gk 

S, 
Tea0t0 sj Is. 

FDomestiuc 

contractors, clients, local 
he authorities, professionals. 150 78 16 62 52% 

] 

40"`, ý 
BC IT j CRG/TONGJl 20 16 1 15 80% 75 

Ov Ov rs s co ts Overseas counterparts 30 18 3 15 60% 50', ý, 
SUm Sum 200 112 20 92 56"o 1 46 

Table 2-1 Comparison of original distributed copies with receked feedbacks 

In order to gain maximum credibility and to ensure that the questionnaire, with a covering 
letter explaining the methodology and objectives of the study, was successfully sent to the 

respondents, help was sought from Shanghai Construction Association (SCA) and 
Shanghai Construction Group (SCG). 150 questionnaires were sent to a range of 

participants in the mainland of China including domestic construction contractors, 
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authorities, consultants and appointed clients (governmental departments, appointed 
industrial investors, clients and real estate investors). 20 questionnaires were forwarded to 

selected PhD candidates from (BCRG) Building Construction Research Group of TONG JI 

University. The remaining (30) were delivered to some overseas contractors and 

consultancies that are currently carrying out civil engineering projects in China. The 

questionnaire was originally not available in English when distributed but it is now 
included as a "Questionnaire Specimen, summer 2004 English Version" attached as 
Appendix 1. 

The reaction to the questionnaires was encouraging. In Table 2- 1, of the 150 questionnaires, 
78 responses were received through post and e-i-nail. 16 responses however could not be 

used in the analysis as they were incomplete or missed some key infon-nation. 16 and 18 

responses were received respectively frorn the 50 BCRG/TONG J1 and overseas 

participants. There was only I response frorn BCRG and 3 responses from overseas 

participants could not be used due to their incornpleteness. After filtering 92 returns in 

total were usable. In particular, 56 effective representatives, apart from BCRG group, are 

all at high managerial level within their organisations. They have subsequently shown 

great interest in the questionnaire with more valuable comments. The final rate of response 

reached 46% and was regarded as sufficient enough for detailed analysis. 

Among the respondents, key decision makers were asked to complete the questionnaire or 

to closely oversee its cornpletion. More than half of the respondents (63%) held senior 

positions, such as general manager, project manager, chief engineer, head of department, 

and chief economist. In addition, the majority of all respondents had more than 10 years 

work experience in construction, acadernic and relevant governmental sectors and sorne 
had more than 30 years' work experience. Hence the quality of the results may be 

considered to be high due to the high qualifications of the respondents and the high level of 
feedback. 

2.7.3 Design of the questionnaire 

YU CHEN 
DEPARTMENT OF CIVIL ENGINEERING, UNIVERSITY OF BRISTOL 



CHAPTER 2- THE PERFORMANCE OF UK AND CHINESE CONSTRUCTION 

The questionnaire consists of three sections. Section I elicits general information about the 

respondents and organisations. There are a number of ways of identifying risks. Chapman 

(2001) grouped risks into four subsets environment, industry, client and project. Shenettil 

(2001 ) categorised them into six groups in accordance with their nature. In this research 

the model of Hastak and Shaked (2000) is adopted. They suggest that the risks in a 

construction project can be categorised into three levels, country, market and the project 

itself. According to the ATKINS China project risk control paradigm (ATKINS CHINA 

Ltd, 2004) and SCG risk management guidance, Hastak and Shaked's model (2000) call be 

used to categorise the most commonly-seen risks in Chinese construction (Table 2-2). 

Section 2 thus lists 22 possible project risks categorised into three levels of scope: country, 

market and project. The list includes most of the major risks that are likely to be 

encountered. It was onginally written in Chinese and was amended through discussions 

with local academics and professionals with experience in Chinese construction projects. 

The respondents were asked to judge the importance of a particular risk on meeting project 

objectives and to indicate whether the risk should be bome by the client or contractor or 

whether it should be shared between them. A small group are neither contractors nor 

clients e. g. academics and hence their answers tend to be neutral. They were simply asked 

to choose to answer from one view or the other and then answer to the best of their 

knowledge and experience. The questionnaire used a 10-degree scoring system with I 

having no importance, and 10 as having very high importance. 

Section 3 includes three questions. The respondents were asked to give their constructive 

comments or suggestions which they considered might further assist the study. 

2.7.4 Arrangement of results 

Responses to Section 2 of the questionnaire yielded three sets of results which are: risk 

allocation, risk importance and judgments of frequency of occurrence. Risk allocation is 

one of the most important early decision processes of a project. It decides who carries 

which risks and who takes responsibility for risk management. Attitudes that project 
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players have towards the risk is critical. Columns 3,4,5 of Table 2-3 and 2-4, thus 

represent the proportion voting respectively for 'client', 'shared' and 'contractor'. 

Flanagan and Non-nan (1993) suggested classifying risk by indentifying consequence (by 

frequency), type (critical) and impact of risk (risk importance). In this study, risk 

importance is signified by"E". Even though the importance of a particular risk will vary 

from one project to another, the questions were aimed at a broad-based evaluation of 

overall importance. Columns 6 to 9 of Tables 2-3 and 2-4, 'average' denotes the rnean 

score for each risk with a range of 1-3 denoting low importance, 4-7 representing being of 

rnedium importance and 8- 10 representing highly important. Table 2-3 surrinflarises the 

responses by contractors while Table 2-4 surnmarises the responses by clients. For 

example on the risk of "approval and permit", given contractor's perception has been 

valued as EA'I .... ...... = 7.2 in basis of -16%fin- low (1-3); 21%. 1br niedizan (4-7); and 63% 

Jbr high (8- 10)". 

Judgment of occurring frequency is signified by "w" in columns 10 to 14. The 

frequencies of risks tend to be different at the different levels. The judgments are classified 

in five degrees as: sinall, quite sinall, average, quite high, veiýv high. " a)" is a relative value 

for each risk. The weighting value used is" (o, =f/ 15" i. e. for risk AI (Approval and 

pei-mif), given the perception by contractors, o) Aý........ 
.... Ix3 115 = 0.2 . 

The results for 

" (o" are given in Table 2-3 and 2-4 by indicating "X" inside of the box. 

The impact of each risk was defined as " (p ", where " (p = (t), xc". The higher the impact 

the more an emphasis should be put on its management. The use of " (p " will be applied 

later to the analytical hierarchical processes (AHP) method. 
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2.7.5 Analysis of results 

2.7.5.1 Risk allocation 

Table 2-5 is derived from Table 2-3 and 2-4 to give an overview of the expressed risk 

allocations categorised by level. 

ID Risk Identifications 
CONIRACIOR'S 

PERCEPTIONS 
CLIENI'S 

PERCEPTIONS 
1 11 NJ ýH Nfýl ') It 

Counlr. N LeNel 
A] ApproN al and permit x x 

A2 Comipt t tin, hurcaucracý, and Go% cmmcnial vnicr I'crencc x x 

A3 Quoin aI local ion x x 

A4 CUltural kiues (contlict. religion, difference, others. ) x x 

Aý Lnexpecled force i Polic\, I awý etc. ) x x 

Market Level 
BII Mark t human resource x x 

B2 llartner't credmArorhiness x x 
B3 pela,, of paýmew on comrao x X- 
B4 Nlarkvt intlation & intercsts ratc x x 
115 Market demand x x 

BO Delay in Tcsolvinj! contractual issucs - F-- F-x x 117 UnSOLInd OT flCFCC COMJWtitiOll x x 

Construction Project Level 
CI Cost o\ crt-Ull x x 
C2 Poor pR)jeo procurement x x 
C3 Low construction 1noductivit\ x x 
C4 Failure in quRlity COntTOI x x 
C5 Site tafety x x 
C6 Dclay ofcompiction x x 

C7 Pow project coordination x x 
C L, nanficivated evcjji% I Acts O'God I x x 
C9 Changes in dc-skw x x 

Poor prtýjcct resource arranrcincim x 

I-able 2-5 Risk allocation in accordance to contraetor's and client's perceptions 

The criterion for a risk to be appropriated to a particular risk undertaker (client, contractor, 

or shared), is that it should get at lest a 60% response rate. Those that failed to get such 

response rate in favour of any risk undertaker are listed as undecided. It appears that the 

clients realise the futility of shifting the onus of responsibility entirely onto the contractor 

and are ready to take a more proactive role. 

YU CHEN 
DEPARTMENT OF CIVIL ENGINEERNG, UNIVERSITY OF BRISTOL 

m 



CHAPTER 2 THE PERFORMANCE OF UK AND CHINESE CONSTRUCTION 

Table 2-5 reveals that, contractors have allocated 6 risks onto themselves while clients 

have assigned only 5 risks to contractors. Both the contractors and clients have similar 

views on the risks to be allocated to the contractors. They both agree that the contractors 

should bear the risks of- 

" poor project procurement 

" poor project resource arrangement 

" low construction productivity 

40 delay of completion 

The risks of "poor project procurement" and "poor project resource arrangement" will be 

discussed in following paragraphs. As shown in Table 2-3, risk of 'low construction 

productivity' has 100% responses in favour of the contractor assuming the risks. It needs 

to be noted that confin-ning the project duration specified in the bid documents is another 

form of risk management, but is usually ignored by contractors except in extreme cases. 

Traditionally these risks can be dealt with through a proper time managernent to ensure 

on-time delivery. Coincidentally, these four risks all belong to the level of construction 

project, and could best be controlled by the contractors and it is correct that they be so 

allocated (Smith and Gavin, 1998). 

Contractors considered that clients should bear the risks of a "change in design". 

Principally "change in design" either appears when deficiencies or defective design in 

specifications and drawings are found during the construction or when change ofinind by 

client occurs. The work of design is mainly carried out before construction work starts. 

Most of the deficiencies in design can be found through strict checking processes prior to 

being handed out to client and contractor. Very occasionally independent consultancies 

accept no responsibility for their work which may subsequently prove defective (Ding ef a/, 

2005). Most importantly in China, any change of mind by the client is not recognised. 

Over 80% of big construction projects (i. e. Three Gorges Dam project, Formula I Circus 

Construction project, EXPO Self-built Pavilions Projects, Cross-Eastem Sea Bridge, etc. ), 

are still being controlled, invested or partly controlled by the government (China 

Construction Year Book, 2006). This means inevitable delays due to the failure of 

governmental officers, statutory undertakers, and local authorities to make timely 
YU CHEN 
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decisions. These risks should be the client's responsibility. They should manage the 

changes in work (both in type and in quantity) by having variation clauses that are 

appropriate and fair. Furthermore, the consultant must be empowered by the client to 

ensure timely management of the changes. The client could also best manage deficiencies 

in specifications and drawings by appointing a capable consultant and providing sufficient 

design budget. As set out on the UK Design Quality Indicators (DQI) website at 

www. dqi. oi-g. uk, all project stakeholders can go through "FAVE Briefing" tools to reach a 

consensus to take all factors into account, and to understand what the project should 

achieve. Through this method, stakeholders, especially clients, are helped to understand 

the various factors such as "fundamental" -a factor that is basic and essential; "added 

values" (desirable or beneficial factors; and "excellence" (factors that make building 

exceptional and create building of distinction). 

In Table 2-5 the clients have allocated to themselves only the risk of "quota allocation". In 

China, the "quota allocation" for land, scale of building and planning are determined and 

issued by local authorities and governmental authorities. From Table 2-4 we can notice 

that the risks of "cultural issues (conflict, difference, etc. )" and "changes in design" have 

received 59%, and 55% responses, respectively, although that fell marginally short of the 

chosen criterion (60%) for deciding on its allocation. Clients also almost reach the same 

agreement that they should bear the risks of "changes in design"; in addition they think 

their acceptance with the risk of "cultural issues" is also essential to the project 

management. A recent report (Shanghai Daily, 2006) revealed a hidden story behind 

Shanghai World Financial Centre (SWFC) project which perhaps reflects these concerns. 

Poor cognition of 'cultural issues' between China and Japan by the client caused a massive 
delay and over-budget of construction work. 

This experience shows that "cultural issues" should be well understood by clients when 

sketching the master plan of project. However it might be difficult to foresee some of the 

issues that may threaten the project progress at the beginning (Sun et al., 2002). "Cultural 

issues" need to be taken into account by contractors when planning their projects, because 

they may encounter culture conflicts such as public controversies, religious objections, etc. 
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It is also important for the proponents of a new project to understand, before they 

commission lengthy and expensive feasibility studies, how the individual will be involved 

in the approval process develop their perception of the level of risk in the proposed project 

(Yang et al, 2007). 

Table 2-5, shows that contractors appear to be ready to accept the risks of "failure in 

quality control" and "cost overrun" whereas the clients are undecided on this allocation. 

By accepting the risk of quality of work, Chinese contractors have shown a positive 

attitude towards striving for higher quality and customer satisfaction. Although it appears 

that the contactor may be the most capable of handling the risks, quality management 

needs to be a client-driven top-down approach. Forty-five percent of the client 

respondents considered it a shared risk. Future research may find that more and more 

clients are considering the "failure in quality control" as a shared risk as they become more 

aware of how they can contribute towards the planning behind the proper management of 

this risk. A substantial portion of the domestic respondents do not have a good 

understanding of quality-oriented accounting measures in business management (CCIA, 

2006). Most respondents prefer to use traditional quality performance measurements. 
There is a need to expand the studies and application of quality-orientcd accounting 

measures, particularly to have an integrated application of both financial and non-financial 

measures relating to firms' quality performance in Chinese construction context (Ilan, 

2005). 

"Cost overrun" is however not accepted by clients but accepted by contractors with 61 % 

responses. In some developed countries, e. g. UK, labour cost typically represents a 

significant proportion of total construction costs. In Chinese construction, little attention 
has been given into labour costs but rather more into the control of machinery rents, 

construction materials costs, and the technology expenditures (Ding el al, 2006). In Tables 

2-3,24, the proportion of clients who consider that "cost overruns" are their responsibility 
is the same as those of the contractors at 17%. The implementation of project cost control 

should be carried out through the concerted endeavour of both client and contractors. On 

one hand there is a need to ensure that project costs are not overrunning on contractor's 
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side and that the client's financial capability are assessed and relevant guarantees obtained 

that progress payments can be made (Zou et al, 2007). On the other hand a noticeable issue 

for clients is to understand that some changes may cause additional costs beyond those 

expected. During a construction project the contractor plays a key role in managing 

budgets through monitoring any excessive expenditure on equipment, labour, utility, 

safety control etc. but clients may impose new requirements that create additional costs. 

The importance of the risk of "poor project coordination" has a 58% response by 

contractors. A common characteristic of CCI is the practice of multi-level subcontracting. 

This makes their performance a risk for the main contractor. Interestingly, the responses 

by the clients only partly agree as 21% of the respondents considered it a shared risk while 

46% allocated it to the contractors. In general, the key contractor who directly employs the 

subcontractor is in the best position to manage this risk, firstly by employing a capable 

subcontractor at a price appropriate to carry out the work and then providing adequate 

supervision. In some cases, the client may nominate the subcontractor where close control 

is required on that part of the work. Informal conversations with some key contractors and 

clients revealed that the subcontracting specialty work or payment and performance bonds 

are different forms of risk management practiced in the mainland of China (Qin el al, 
2004). Performance and payment bonds offer legal remedies for dealing with difficult 

subcontractors but are not a deterrent to poor performance (Li et al, 2005; Qin et al, 2004). 

The Chinese construction market, in some circumstances, tends to be very complex due to 

the shortage of a market supervision policy that ought to be enacted by government (Wang 

etal, 2006). In some projects there are some unqualified subcontractors (e. g. with a lack of 

experience, shortage of human resources, shortage of operational costs, etc. ) doing work 

assigned by the key contractor who has not fully reviewed their previous poor performance 
before making the appointment. It is suggested that such a monitoring policy needs to be 

fully implemented by both clients and key contractors to ensure good coordination within 

project control. At the same time it underpins management competency as one of the key 

criteria for appointing subcontractors (Zou et al, 2007). 
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Clients have judged that "market inflation and interests rate" is a contractor's risk but the 

contractors are undecided. The price of construction materials is changing along with 
inflation between supply and demand in the market (Zou et al, 2007). Smith and Gavin 

(1998) suggested that market inflation should best be shared between the client and the 

contractor by including clauses that define the required parameters and conditions for 

sharing. The local district government provides a clause to pay for fluctuations in labour 

wages based on the wage indices published by the department of labour of the municipal 

government. The risk is shared by the contractor assuming the risk of up to 10% escalation 

within I year and the client accepting to pay extra for any escalation beyond 10%. It is 

suggested by the SCG management board that changing the rigid quotation method to one 

that makes reference to market conditions when preparing the bill, is essential to minimise 

the price fluctuation of materials (SCG Performance Reviews, 2006). 

Again, clients decide to share the risk of "site safety" but many contractors prefer to put it 

into "undecided7'. Clients may be correct to consider site safety as a shared risk. Although 

the contractor is in the best position to control and enforce compliance with safety 

regulations at the site, safety management requires a top-down approach. The client is 

required to drive for better safety management by setting guidelines, policies and contact 

clauses, including some financial provision/allowancc to enable payment for setting up 

such systems. Track safety records of contractors should also be considered when 

awarding jobs. Contractors should examine and implement safety regulations stringently 

and effectively, make every effort to ensure that safe working conditions are not 
jeopardised by poor site coordination or regardless of safe operation guidelines (Zou et al, 
2007). 

Table 2-5 highlights that both the clients and contractors prefer to share the following 

risks: 

* approval and permit 

e delay in resolving contractual issues 

* unexpected force (policy, law or etc. ) 
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Risk of 'delays in resolving contractual issues' may cause increased costs of legal 

processes and delays in resolving litigation/arbitration disputes. These originate from a 

mistake or misunderstanding by either party. Hence, these risks should really be shared by 

both sides. Both parties could hedge against them by including clauses in the contract that 

enable mediation and arbitration. These methods for resolving disputes are becoming very 

popular in CCP control as opposed to litigation. 

Risk pertaining to "approval and permit" should be shared, with the client assuming the 

risks of identification and acquisition and the contractor assuming the risks of compliance. 
In China such risks of "approval and permit" have been further aggravated by 

governmental refusal to approve projects for clients, rejecting entry permits to construction 

sites by the contractor and removing pennissions from parties to the project. From the 

perspective of the project team strategies need to keep close contacts with local 

government officers and documenting everything (Zou et al, 2007). 

The sharing of risks due to "unexpected forces" such as policy changes and legal 

developments could be specified in the contract. Nevertheless, as to be discussed in the 

following section on risk importance, respondents to this survey have given this risk a low 

importance. 

Both clients and contractors were undecided on the allocation of the following risks: 
Corruption, bureaucracy, and governmental interference 

Cultural issues 

Market human resources 

Delay of payment on contract 

Market demand 

Unsound or fierce competition 

" Poor project coordination 

" Unanticipated events (Act of God) 
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It seems that both clients and contractors prefer to allocate most market-rclated risks into 

an "undecided" category. In CCI, probably the most apparent difference from western 

countries is the risk of "corruption, bureaucracy and governmental interference". They are 

put together here because they all stem from the country level and from aspects of Chinese 

culture. Sometimes the authority for approvals could be a personal privilege in pursuit of 

personal benefits (Zou et al, 2007). Such features can not be eliminated but are foreseeable 

and pre-managed by clients and contractors. Well-cstablished communication channels 

and a flexible working arrangement between client and the authority or government and 

between contractors and involved governmental officers are highly recommended to 

manage this risk. 

The risk of "market human resource" (SCG Peryonnance Reviews, 2006) is addressed by 

SCG human resources board and should be solely shouldered by the contractors. The 

share of market is predominantly held by those competitive opponents who have 

established well-operated human resource bases. People from the operational board of 
SCG pointed out that some construction contractors are facing difficulties in finding 

suitable recruits for some specialisms such as deep tunnelling, piling, rail construction, e. g. 
Shanghai Magnetic Levitation Train, deep underwater construction technicians, etc. It is 

suggested that contractor thus needs to develop a robust construction plan incorporating 

rational distribution of staff and should map the construction progress all the time to secure 

sufficient professional, managers and skilled labourers ready to work (Zou el al, 2007). 

The risk of the "partners' creditworthiness" is shared by both clients and contractors, and 

can be generally shown as failure of providing service, construction materials, financial 

requests as promised, or any failures in performance. Long-term business relationships 

tend to be more secure, reliable and robust (China Construction Year Book, 2006). 

The construction "market demand" varies directly with fluctuations in public demand. It 

depends not only on the investment strategy of clients but also on output and resourcing 

arrangements made by contractors (Shen el al, 2006). The risk of "market demand" is 

therefore shared by both parties. 
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"Unsound and fierce competition" appears as to be taken as a contractor risk. This risk 
imposes a liability on the client who could manage it by enforcing rigorous criteria for the 

selection of the contractor. However, Chinese construction firms are facing a very difficult 

period with intense competition (improving quality, making on-time delivery, and 

reducing construction costs) and an underdeveloped market (Wang et al, 2005). Public 

sector clients in China are becoming more sophisticated in this respect and have placed 

mandatory requirements that their contractors should have quality assurance systems 

certified by ISO. The governmental construction and housing authority measures the 

quality of both the products and inputs of their contractors and provides more tendering 

opportunities to those who consistently display a capability of achieving high quality. 

The risk of "delayed payinent" tends to be faced by the contractors. One of the 

respondents stated that: 

"The problem is that the clients are tryinglusing the tactics ofpressing the risks to the 

contactor by amendments of the standard contract terms. " 

(China State Construction Engineering HK Co. Ltd) 

Similar comments were made by many other contractors. The terms of the SCG Project 

Reviews (2006) indicate that the contract clauses tend to be biased in favour of the clients. 
This has resulted in possible delays of payment becoming a major risk to the contactors. 
Unless clear and fair terms of payment are specified at the very beginning and enforced, 

contractors will be leaving a margin for this risk when quoting for jobs and the clients 

eventually will be paying extra. Hence this risk should be acted on by the clients who 

could specify clear terms of payment. 

The risk of "unanticipated events (Acts of God)" is allocated as "undecided" by clients and 

contractors. Precautions are taken by both contractors and clients by acquiring sufficient 
information through weather forecasts, flood and earthquake alerts, heavy rainfall, etc. 

Construction industry personnel need to be made more aware of the strategies adopted for 

allocating risks. A key respondent from Board of Directors, China Pacific Construction 
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Co. Ltd. added that: "De ning accurateli, whO takes risk is more important than who 

actually ends up taking the risk! 

2.7.5.2 Analysis of importance and frequency 

Risk Identifications Contractors* judgrnents Clients* judgments- 
Country Level -E I W. I ., p = ON x E, 'E' -w- -, p ý U* xc 
AI Approval and permit 7.2 0.07 0.504 X. 9 0.14 1.246 
A2 (ormption. bureaucra,: y and (; overnmental interference 9.1 0.21 1 911 9,2 0.21 1,932 
A3 Quota 8110CRtiOn 6.2 0.14 0.868 7.1 0.14 0.994 
A4 Culturalal issues, difference. conflicts. etc. 4.8 0.14 0.672 8.2 0.14 1.148 
A5 Unexpected force (Policy. Law, etc. ) 6.6 0.21 1.386 6.9 0.14 0.952 
Mar ket Level 
BI Market human resource 5.9 0.29 1.652 6.8 0.14 0.952 
B2 Partner's credit% orthincNs 7.0 0.21 1.470 7.2 0.14 1.008 
B3 Delay of payment on contract 8.3 0.14 1.162 7.7 0.14 1.078 
B4 Market inflation & interests rate 6.5 0.07 0.455 6.7 0.14 0,939 
B5 Market demand 6.0 0.21 0.126 7.9 0.21 1.659 
B6 Delay in reqok ing comractual issues 8.3 0.21 1.743 8.3 0.21 1.743 
B7 Unsound or fierce competition 1 7.7 10.21 1 1.617 9.1 f 0.21 1 1.701 
Construction Projcct Level 
CI ('ot o%crrun 9.4 0.28 2612 8.9 0.21 1 N(") 
C2 Poor project procurement 7.1 0.14 0.994 7.8 0.14 1 092 
C3 1 oý, construction producti% vN 9.0 0.35 A 010 8.7 0.21 1 K2 ' 
C4 I id. irc to qualm, control 8.6 0.21 1 90() 8.8 0.28 1 4(, 4 
C5 Site safety 8.4 0.21 1.764 8.4 0.14 1 176 
C6 Dclaý ol complowu R. 2 0.29 2 246 9.2 0.29 

.1N 76 
C7 Poor project coordination 8.7 0.21 1 927 8.4 0.21 1 764 
C8 Unanticipated events (Act-tol'God) 7.3 0.14 1 022 6.3 0.07 0.441 
C9 Changes in design 7.8 0.21 1.638 7.9 0.21 1.638 
CIO Poor project resource arrangement 9.2 0.21 1.722 8.6 0.21 1 Koo 

Statistic Results of *4p' 

Max vslue = 3.01 Mcan Naluc =1 471 ýD Max value - 2,57e) Mean %aluc -1 453 

Minvalue 0.126 Standard DeOntion Oý707 Min value 0 441 Standard De%iation 0.512 

it iý noted thal . accordiny to both ofcontractors' and clients* measurernents. i( value - 1.8, -Awh risk is defincd a4 "critical 
risk" and highlighicd in red. if%Rluc- 10 such risk is regarded as-minornsk". and highlighted in hluc. 

Table 2-6 Surnmary of respondents' judgments towards and 'to' 

After understanding the critical factors for risk allocation it is then necessary to have an 

in-depth view to explore which one is noted as a "Critical Risk". A critical risk is detined 

here as a risk taking high importance value and high occurringftequenc. v at a critical level. 
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Table 2-6 presents an overview of all of the explored risks scored by and "(p" by 

contractors and clients. 

Figure 2-6 shows the distribution of all of the 22 identified risks with contractors' and 

clients' opinions marked respectively in dotted and continuous lines. To categorlse the 

values, any risks greater than 1.8, will be denoted as "important risks", and located above 

the upper benchi-narking (red), correspondingly all those "minor risks", noted as <1.000 

are all falling into the area beneath lower benchmarking (blue). 

Impact Value 

(nucal 

Mediuty 
11V 

m 
Va 

Critioil risk% in respect to Clients' perceptions Aý (IA. C4. (M 

Critical ri%ks in repect to Contractors' perceptiom: A-', ý4i. (41 (ý (7 

-('oniractorb' lerceptions 
( licnts' pcrccptlonb 
Llppcr bcnchmariing 

-1 ou er benchnurking 

Level 

Figure 2-6 Line chart on risk distribution in respect to the judgments and levels 

Based on Table 2-6 and Figure 2-6, the following points emerge. 

The important outcomes from contractors and clients tend to be similar. There are 

a total of 6 important risks from both parties by contrast there are 5 minor risks 
identified by contractors, and 4 minor risks identified by clients. 

0 Both contractor and client express their concerns about the risks of "corruption, 

bureaucracy, and governmental interfere", "cost overrun", "low construction 

productivity", "failure in quality control", and "delay of completion- as critical 

risks. "Poor project coordination" is also a critical risk to the contractors whereas 

clients view the risk of "poor project resource arrangement" as important. 
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The risk of "low construction productivity" takes its highest value (3.01) in the list, 

whereas the risk of "market demand" is noted as the most minor risk with value of 

0.13. 

* It is seen that the majority of important risks fall into the "construction project 

level", while most of the minor risks are almost congregating at the market and 

country level. 

* Contractors and clients assign the same values for the risk of "delay in resolving 

contractual issues" and "changes in design". 

* The risk of "cost overrun" is assigned with the highest "importance" values by 

contractors. The risk of "cultural issues" is assigned lowest "importance" values 

by contractors, but is of high importance to clients. 

* It is seen that the risk of "low construction productivity" appears most often as its 

"occurring frequency" is valued as "0.35". 

In spite of being assigned with moderate value of importance, the risk of "approval 

and permit" is regarded by contactors as the least frequent risk (0.07). In contrast 

to this, the risk of "market human resource" takes high degree of occurring 

frequency as "0.28", its importance takes however very low value as "5.9". 

2.7.5.3 The need for implementing AHP 

Table 2-7 contains risks at three different levels. The quantitative results from the three 

levels of risks may affect project performance. We need to understand which level is the 

most critical in order to decide to where best efforts for improvement should be made. It is 

apparent that construction project level might be the most critical since it seems to contain 

most of bigger risks in Figure 2-5. We can confirm that impression using AIIP theory 

(Saaty, 1980). The technique involves calculating the Eigenvalue of a matrix of pairwise 

comparisons of risk at any given level. This result is ajudgment of the relative risk levels. 

2.7.5.4 Verifying procedure 

We will use the " (p " values in Table 2-7 as relative risk values, and compare them with 

each other in pair as required by AIIP theory. The results are shown in Figure 2.7 as a 
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matrix U with elements u,, (k) Formally the matrix U is U= (UK Ju k 1, 
where k ii 

represents the level number of the judgment matrix: {UA )1 {UB ) and {UJ Hence UK 

represents a judgement matrix incorporating all " (p "values in kth level, and uk is the ratio 

of the representation degree "V" of Q)th to Q)th risk in the (k)th level. 

The calculation procedure will be illustrated in detail for level A with respect to the 

contractor's judgments. There are four steps. 

Step 1: Setup a judgment matrix according to the 11(p" values in level A. 

So for example U12(A)= (PII(P2 =0.504/1.911=0.26 andU2, (A)=l/U, 2(A)=3.79. As 

required by Saaty's (1980) method, likewise, U43(A)=(P4/(P3=0.672/0.868=0.77 

Note the diagonal entries are one. Thus the matrix of A (country leveo can be written as 

below (Figure 2-7): 

1.00 0.26 0.58 0.75 0.36 
3.79 1.00 2.20 2.84 1.38 

uA=Iu A)= 1.72 0.45 1.00 1.29 0.63 
1.33 0.35 0.77 1.00 0.48 
2.75 0.73 1.60 2.06 1.00 

Figure 2-7 Judgment matrix of country level A (n x n=5 x 5) 

Step 2: Calculate the vector IN kI 

The latent root or Eigenvalue for the matrix A: 

Step 2: Calculate the geometric mean of all factors in every row (ith) of the matrix (n X n), 
that is, 

rik Uk ýFk 
i Y and ri ri 
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For example: in the I" row of matrix, where y, ' =I. OOxO. 26xO. 58xO. 75xO. 36=0.04 

FrA 
JA 0.53 likewise; we have: y2=2.01 ; *Y3 and then r =0.91; y4 =0.70. 

9 
A 

4=Y, 
and y5=1.28 Then we normalise r, as 17, & Q, j=1,2, ---, 5); thus, we have 

iri 

J. 1 

l7i A=0.53 = 
0.53 0.09 

0.53+2.01+0.91+0.70+1.28 5.43 

Hence we have normalised column vector. 'N '- ýA Y= (0.09,0.36,0.16,0.12,0.26) 7 
Aj 

Step 3: Calculate the maximum value of the "Eigenvalue" or "Latent root": 'A" I 

According to Saaty (1980), we have the following: 

0.09 1.00 0.26 0.58 0.75 0.36 
0.36 3.79 1.00 2.20 2.84 1.38 

AA = 
tAA I=NA* UA = 0.16 x 1.72 0.45 1.00 1.29 0.63 = (0.46,1.75,0.8,0.61,1.27 )r 

A 

0.12 1.33 0.35 0.77 1.00 0.48 
0.26 2.75 0.73 1.60 2.06 1.00 

We denote the maximum Eigenvalue of the judgement matrix as: 
1.1, A I=Ix (0.46 

- -+ Amax 
n50.09 

1.75 
-+ 0.36 

0.80 
-+ 0.16 

0.61 
- 0.12 ý 

1.27 ) 
ý 2,5.004 0.26 

Step 4: Verify the judgment matrix for consistency. 

When the rank number of the matrix Nis 5, on the basis of Table 2-7, RI (random index) is 

chosen entries in level A where N=5. 

N 11 2 3 4 5 6 71 81 9 10 11 12 13 14 15 

RI 

- 

I 

-ýA 

L 0.52 0.89 1.12 1.26 1.35 1 1.41 1 1.46 

- 

1.49 1.52 1.54 1.56 1.58 1.59 

j 

Table 2-7 RI values of mean consistency index (Liu el al, 2007) 
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Correspondingly, RI = 1.12, (Saaty, 1980). Then the value of C1 (Consistency Index) is: 

N 5.004 -5 CIA 
- 

AA 
max -=0.001 

N-1 5-4 

Saaty (1980) said that if CR (Consistency Ratio) is greater than 10%, the quality of 
judgment in making pair-wise comparison should be improved. This empirically indicates 

an excessive intransitivity of preference. Normally CR can be reduced by re-estimating 

preferences (Crowe and Noble, 1998). Here, we have: 

CRA = 
CIýIRI 

= 0.05/1 
12 = 8.9 X 1()-4 < (). 1 

So the result is consistent enough to fit the rule. 

In the same way, we can calculate the following values for the other levels as follows 

I 
Contractors' perception Clients' perception 

Country Level 7c 77 oun AA 
max = 5.004 A:. 4 .. x = 5.001 

1 Market Level 

[ 

Marý A,,. = 7.654 

'It 
Bmax = 7.001 

ti Construction Projject Level structio Ac.. = 10.03 'It Cmax = 10-0 1 

U of Seque 

L 

nce of A 4 
max 

> AB 
max 

> AA 
max 

"ICmax > "IBmax > "IAmax 

Table 2-8 A -values of three levels based on contractor and client's nercention 

, where A (A-c)mx represents the maximum Eigenvalue for level A-C in respect of contractors' 

perceptions; likewise, A: 
(A-C)n= represents the maximum Eigenvalue for level A-C in 

respect to clients' perceptions. 

Consistency tests show that the results for every maximum Eigenvalue are satisfactory. 
However they still need to be tested to ensure consistency in judging all identified risks of 

project. 
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According to Saaty (1980), Xkmax k 7/E 
"k and CR(Tw) -, 4 CI(T., d) IP-I(T,,., ) , then 

we have: 

, 9, n. = 0.34 A*c.. 0.45 ; ! "A. 
= 0.23 X, *q. 

= 0.32 Aý A* c. = 0.46 
. 4. = 0.22 A* 

RI(Total) =A*k.,, R'. 
4 =0.22xl. 12+0.34xl. 35+0.45xl. 49=1.376 

CI(Tolal) 
= 0.22 x 0.001 + 0.34 x 0.108 + 0.45 x 0.003 = 0.038 

CR 0.03Y 
1 0.028 < 0.1 , the total result also fits the rule. (Mal) =1 

ý376 

2.7.5.5 Discussion 

The above calculation shows that different levels have different Eigenvalues or latent roots. 
Hence every Eigenvalue synthesises the degree of impact of this level. The greater the 

Eigenvalue the stronger is the individual effect on a project. Regardless of contractors or 

clients, Table 2-8 indicates that the "construction project level" is considered as the most 

critical level where the majority of important risks exist and affect the construction 

performance. All risks existing in the level are defined as the "critical risks". 

In Table 2-6, the "most critical risks" are mainly lying at the project level, and individually 

indentified as the risk of "cost overrun", "low construction productivity". 'Yailure in 

quality control" , 
"delay of completion ", and "poor project coordination ". Apparently, 

contractors show more critical concerns than clients according to Table 2-8, 

where ACmax > Ac.. Those risks are considered to be undertaken by contractors and 

partly shared with clients in reference to Table 2-5. It shows in Table 2-8 that no matter 

what kind of project the most critical risk taker is the contractor because the sum of 

assigned A for contractors are greater than for clients. In another words contractors are 

playing a more critical role in controlling risks and ensuring the satisfactory delivery of 

construction performance than is the client. Clients are required to understand the risk 

allocations, to share the risks and make joint contribution to maintain the performance of 

project. Although the country level is regarded as a minor impact level through the 

analysis, we cannot overlook an interesting point that both of contractor and client are 
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ready to share the risk of "corruption, bureaucracy and governmental interference" that 

has however been categorised as "critical risle' in this level. 

2.7.6 Analysis of Section 3 of the questionnaire (see Section 2.7.3) 

This preliminary research work was an attempt to identify the problems. Three questions 

remain. 

* Question]: How do Chinese practitioners implement risk management? 

* Question 2: "at are the majorfactors obstructing risk management in practice? 

* Question 3: What is the 'most wanted'approach? 

There are several key findings below: 

Findings to Ql 

When facing increasing risks and uncertainties in their operation of projects, many 

Chinese companies are seeking ways to try to manage these "surprises" and unplanned 

events (Qi et al, 2006). Some managers believe they can manage risk by adopting existing 

appropriate strategies. A few managers believe they can manage the probabilities and see 

the magnitude of future negative outcomes by either using conventional risk management 

tools or being professionally served by professional risk consultants and academics. 
Especially, when little infonnation is available and the most important decisions need to be 

made Chinese practitioners prefer to make use of qualitative techniques. Little progress 
has been made in the wider adoption and use of some advanced tools (e. g. computer-based 

risk management software), and practitioners rely overwhelmingly on intuition based on 

experience rather than using software. 

"We do not use software for risk management that often. It is because in many of 

circumstances software cannot do what we really want to do. Moreover, it takes us lots of 

time and moneyfor our staffs to learn how to use the software. Unfortunately, we cannot 
benefit much morefrom using it than we expected. " 

Construction Management Team, JIUSHI Building Group 
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It is also found that the cooperative communication of risk management between domestic 

and international practitioners has been established in many Chinese construction practices. 
Knowledge from overseas partners has been developed to re-identify some 

newly-explored risks and to do analysis within the particular construction context. Some 

representative comments are shown below: 

"To avoid the increasing costs, we have been participated with some experiencedforeign 

risk management specialists to realise risk recognition task, but because of their high 

salary, the aim to decrease risk costs cannot be juYVIed, The different situations among 
different areas may cause fault or missing list out of risk sources, and may influence 

succeeding analysis and evaluation. " 

Construction Management, Hiphing Construction Lid 

"Chinese contractors are thirstyfor management techniques. Our ex-patriots are keen to 

support their practice with our knowledge and experience. But we find that techniques 

employed by Chinese counterparts are based on the low cost of labour rather than 

economic efficiency ... actually you cannot impose your own methods, you need to work 

with their culture and gradually introduce change. " 

--Business Operational Team, CEL, CHINA 

"Two years ago, we cooperated with Jin Shan District Government to promote a 'risk 

management paradigm' in help with the systematic project control over subsidiary 

projects of BASF Tech. Zone. We did not go into a deep analysis of all risks but 

purposefully managed some key risks through documenting risk management framework 

provided by 'Risk Management Solution. As a result, it is running well and those 

identified risks are under control. " 

--Risk Management Panel, Faithful& Gould ASIA 

Findings to Q2 
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Some key factors obstructing the risk management in China have been summarised as 

follows: 

The lack of a holistic approach 
Many Chinese managers consider that their organisations are confronted with many 

different types of risk that cannot be condensed or simplified into a single element or 

measure. It is commonly seen that finance people were concerned with financial risks 

(cost overrun, or contractual costs) while personal officers were more concerned about the 

risk of human-driven issues, i. e. market human resource, or project coordination. 

"Thefinance team is so sensitive when managing thosefinance-related risks that they do 

not care so much on the other risks, e. g. engineering technical. As a result, they always 

complain that some uninformed circumstances mayforce them to sort out some unexpected 

expenditures which may directly leads to the over-budget. " 

---Finance Sector, Beijing Construction Engineering Co. Ltd. 

The lack ofjoined-up knowledge management 
Joined-up knowledge management is required to integrate information from various 

sources such as previously completed project data, reviews and analysis of failure etc. The 

lack of a corporate culture of knowledge sharing hinders the implementation of serious 
knowledge management. Some people consider knowledge, experience, lessons learnt in 

the projects as personal property. They are afraid that their tacit knowledge for risk 

management will lose value when they share them with others. Some similar findings can 

also be seen in Huang et al (2004). 

"We are a privately-owned construction firm and recently have been doing some 

governmental projects. We gradually realise that those characteristics ofprojects tend to 

be very different from what we used to do in the past, and require us to achieve more 

in rmation on various projectsfor a comprehensive decision-making in order to manage Ifo 

the risks that we've never seen before. " 

Project Strategic Solution Team, Long Yuan Construction Co. Ltd. 

YU CHEN 
DEPARTMENT OF CIVIL ENGINEERNG, UNIVERSITY OF BRISTOL 

w 



CHAPTER 2 THE PERFORMANCE OF UK AND CHINESE CONSTRUCTION 

"We've recognised that it is very essential to compare the similarities between the track 

records and a project to be tendered. Sometimes the decision-making varies due to the 

specialfeatures ofproject that should have to be taken account into 1hefeasibility analysis. 
We have sorted out some project data as document-based but not quite enough. " 

---Engineering Management Team, N6.3 China State Construction Engineering Co. Ltd. 

"A good knowledge source needs an enriched approach. It requires a stable, 

cross-disciplinary and searchable information plaýform being operatedfor the corporate 

use. It seems at the moment only to be suitablefor those big constructionfirms who have 

done lots of projects for many years. The business confidentiality has constrained its 

sharingpurpose. " 

Marketing Analysis Panel, Shanghai Construction Committee 

Inadequacy of an understanding of risk 
It is found that loss aversion rather than risk aversion appears to drive a project manager's 

mind against risk. In general, the managers' keenness to avoid a serious loss and, in 

particular a potentially monetary loss, influences the business strategy of almost all the 

companies whose project managers were consulted. Managers seem to quite focus on the 

possibility that is represented by "a set of events, states andfacts" (Blocklcy, 2005), but 

tend to neglect the magnitude of probability that is defined as "a measure of likely to 
happen or be the case" (Blockley, 2005). Chinese practitioners may not have a realistic 

attitude to construction risks, which emerge from the centrally planned economy system 
(Liu et al, 2007). Chinese managers were found to usually regard the probability as a term 
being studied academically-, they tend to ignore probabilities and do not seem to often 

calculate the expected values for different decision outcomes. Some treat high probability 

alternatives and overlook low probability outcomes. Practitioners in general commented 

that project manager may not regard variance as a helpful measure of risk, instead they 

consider only the downside of the distribution as risky, tend to concentrate on the analysis 

of worst outcomes and view risk as a multi-dimensional concept which is not easily 

captured. Similar conclusions can also be found in Qiu et al (2003) and Li and I lu (2007). 
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It was commented that people often combine alternatives and risky or uncertain 
information that are unrelated or fail to take account of relationships between different 

possible outcomes. In particular, some managers are only keen to manage financial risks 
because they consider only the failure of financial risk may result in failure of project in 

real engineering project. The rest of the risks could be finally reduced as long as project 

money could be found. A noticeable comment by Adler (2002) indicated: "Chinese 

executive believe that there is an element of Yoss' or luck involved in all transaction. " 

This inadequacy in an understanding of is problematic resulting in overconfidence, an 
illusion of control, belief in the law of small numbers or a focus on several performance 

targets which can distract decision-making. It is also consistent with findings (Yang et al, 
2007) that Chinese managers were found to evaluate self-mastery (independent, daring, 

capable) higher and uncertainty avoidance somewhat lower that in western countries. It is 

thus suggested that key dccision-makers need a broader awareness of the dangers of 
'group-think' and self-bias. They need additional techniques (e. g. Strategic Risk 

Management) to promote understanding and generate debates on risk (Allan et al, 2007). 

Lack of access to advanced integrating management techniques 
Some respondents feel that a lot is known about how to assess risks and what risk strategies 

can be followed, but little is known about whether or not these techniques/tools are 

sufficient in practice. As a result, for instance, project personnel complained that 

sometimes there is inconsistency and disconnection between human resource management 

and risk management. 

"... although we were expected to achieve considerably bigprofits after Formula I Circuit 

Construction Project we yet suffered from a periodical financial crisis owing to the 

unexpected 'change ofmind'made by the local government who wanted to set up a 'Green 

Shelter Forest' outside of the circuit, however it was not written either in the original 

contract or in design scheme. It warned us that an integrated perspective on contract 

management and cost analysis should be pre-established at the beginning ofproject... " 

Engineering Supervision Team, Shanghai Urban Construction Group Ltd. 
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" "en doing risk management, by conventional approach, wefind it is hard to trace back 

to the root ofproblem that leads in apart ofproject going wrong, as a number of identified 

risks may turn up anytime within any segment ofproject. For instance, we do concentrate 

on the quality control, but on the other hand we seem to losefocus on how to minimise the 

quality-chained expenditures to avoid overall over-budget. Sometimes even though the 

project has been well-scheduled some improvisational changes may result in an 

untraceable consequence, about which we are really worrying. " 

--- Project Management Team, China Pacific Construction Ltd. 

Findingsfor Q3 

Although the lack of advanced management tool is evident (Zou et al, 2007), there are a 
number of existing strategies/approaches for managing risk that companies might wish to 

adopt. The historical reporting of a number of risk measures would increase the 
information available to assess the nature of a risk. According to the responses the "most 

wanted" approach has only been reflected in general concerns for improvement. The 

Engineering Board of Director from SCG was typical. There is a need for "a 
decision-support approach to improving risk management practice for delivering best 

project performance". Suchanapproach 

" needs to enhance communication and activate teamwork throughout the project team 

and across the corporate departments; 

" requires an integration of interdisciplinary subjects to create a synergy in managing 
project risks; 

0 should help some small or medium size companies trade-off project budgets with and 

costs of risk management; 

must be workable, practicable and usable in Chinese construction practice; 

should be rationally and efficiently supporting the decision-making of project 

managers; 

needs to promote further understanding of risk and risky situations and their impacts 

and understanding the interrelationships between the various forces involved rather 
than simply foreseeing snapshots of events (Allan et al, 2007); 
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0 should enable people to find out and address critical features associated with 

construction performance (time, cost, functionality, etc. ) in control of project processes 

and activities rather than underlying the symptoms; 
0 should help construction practitioners to put in place fonnal processes to encourage 

managers to adopt risk management procedures. 
0 needs to have sound management of the knowledge base; 

0 needs to guide people to concentrate on responsibility; 

The significance of this survey of Chinese risk management is that it represents the views 

and judgment of significant group of Chinese construction players. It is the basis on which 

an understanding of needs of the industry for developing an integrated approach to 

managing risk and uncertainty, has been based for the research work reported in this thesis. 

2.8 A Complementary Study in UK 

2.8.1 Background information 

"We realise that the technologies and methodologies employed by Chinese companies are 

generally easy to transfer to local industry. "ile some Chinese companies maintain the 

use of low-level technology, others are searchingfor advanced management technologies 

within the reach of the local and international competitors; unfortunately, few 

improvements are achieved in their attempts to manage risk and uncertainty during 

practice. This bodes well for future more effective technology transfer from theory to 

practice is highly needed. " 

Risk Management Solution, A TKINS, CHINA 

A comprehensive investigation into developing a tool to manage uncertainty and risk could 
be taken also in the UK construction industry. Although the vast disparities and limitations 

within construction industrial environment (i. e. culture difference, construction project 

network, etc. ) make UK's issues difficult to compare with Chinese ones in detail, the 

practical lessons and experience from UK's construction industry are believed to be 

relevant for Chinese construction. 
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2.9.2 Research methodology 

Supported by WSP (UK), a small-scale learning workshop was held at Meeting Room of 
WSP Bristol Office in March 2006 with 8 people from 4 UK industrial representatives. 
Given the time limit, each participant via e-mail was given a general question one week 
before the workshop. The question was: 

"at approaches do you usually employ and what are the deficiencies found in your 

practice? 

When the workshop started, a discussion paper (WSP Lunch workshop, March 2006) was 
handed out to each and every participant. Each one wrote down some brief details of his 

profile and his initial thoughts on the question. The meeting was small and so the 

conversation was allowed to flow freely in an active positive atmosphere. The final 

outputs were derived from notes taken from these conversations and the written papers. 

Although the range of this workshop was limited and the feedback not representative of the 

whole industry, the concerns derived from this workshop could be at least regarded as 

complementary evidence for issues that were not found in Chinese construction practice. 
This was needed for the development of a generalised approach. 

2.8.3 The presentation of feedback 

All participants stated that they have employed a number of tools in their practice but were 

not fully satisfied with any of them. Some people said that fault trees and decision trees are 

the main desk tools. In some cases, people use Monte Carlo Simulation Methods 

implemented through IT-based decision support systems such as the Palisade Software, 

@Risk. However, those tools sometimes narrow the applications. 

"Yes, we do use some known tools, but have to be very careful because they vary in 

functions and cannot always be used in the same project through decision-making. If we 

could adopt a more advanced toolfor reaching ajoint use ofknowledge I believe it could 
largely bring efficiency to our work. " 
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Function Management, Hyder Consulting, UK 

Some people complained that all the basic data used for risk analysis and simulation comes 
from one fixed application which relies very much on a specific system (software 

environment), but data created by other construction project management system which are 

mainly used by construction project participants cannot be used. 

"The Monte Carlo analysis tools are generally good, they do what they say on the box, and 

we would tend to use different onesfor different tasks. However, the risk databases are not 

so good, they are unable to do whatyou want, what one organisation orproject may want 
is not necessarily what another wants. " 

Risk and Value Management Team, Mott McDonald 

Some participants used paper-based surveys because they are handy and practical. They 

were worried that piles of documents always big difficulties for project reviews. Some 

managers were very likely to be "very fed up" with filling the forms so that some key 

points that occur in the project were missed. 

"We have to be aware of the dynamic changes in the project. The solid paper template 
becomes less helpful to deliver some newly-explored risks. We are sometimes late informed 

after some unexpected risks pop up. " 

Project Management Team, CEL UK 

Inconsistencies of different management approaches prevented some practitioners from 

getting a holistic view. It is difficult to align stakeholder assessments with project 

schedules. When using this software/tool, practitioners usually looked for another 

approach to solve the problem that software/tool cannot deal with. Similar comments are 

given below: 

"Although theportfolio approach can be used to decide the investment inpartofproject, it 

seemed to be hard to comprehensively grasp all parts (e. g. organisational performance 

review) as a whole. " 

Project Management Team, CEL UK 
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Some participants commented that the hardest situation is where the dccisions involve thircl 

party risks and projects are dependant on approvals or decisions which can be apparentl_y 
ýk 

arbitrary. Unfortunately current risk management tools seem to be weak in this 

application. 
I- 

K 

"The only thing project team can do is to persuade and cajole the thirdparty into son`24-- 
I 

action, i. e. business negotiation that relies very much on how negotiable orpersuasive 1114'e 

evidences you can provide. 

-Risk and Value Management Team, Mott AfacDonaI4 

Many of the tools used tend to be quite "hard' rather than "soff' with little emphasis orl 
integration. Numerical analysis provides strong evidence to physical outcomes but not 

human activities. There seems to be a lack of a system where all project-rclated issuesýl 

(hard and soft) could be well manipulated as a whole. 

"We met a critical problem that could be explained as a very important performance 

indicator - securing forward workload or turnover. We are usually forced to face higli 

pressured competitiveness, which results in an ignorance of emphasis it should place oil 

the 'reward to people "'. 

-Project Management, IIBG UK 

A performance-led risk management perspective became a very important concept that all 

participants agreed with. However they want it to be applied in the software they normally 

use. . 

""en a project moves out of balance risk turns up. For example. schedulellitne 

performance often becomes extremely important due to customer pressures, so cost and 

product performance may lose emphasis. " 

-Project Afanagement, IIBG UK 

"Good methods or tools are always welcome but they have to be tailored to project 

performance development purposes. To this end, it is supposed to be adý, anced but not 

YU CHEN 
DEPARTMENT OF CIVIL ENGINEERNG, UNIVERSITY OF BRISTOL 



CHAPTER 2 THE PERFORMANCE OF UK AND CHINESE CONSTRUCTION 

complicated to understand, be practical but not difficult to manage, and beflexible but not 

narrowly-applied to practice. " 

CEL International, UK 

UK construction players hold relatively strong perception of risk unlike their Chinese 

counterparts. It is however noted that a perception of uncertainty does not seem to be 

adequately reflected in management practice. 

"We always attempt to find out a solution to manage uncertainty rather than risk. We 

realised that the management of uncertainty may give us an in-depth perspective on risk 

management, which the current approach howeverfail to address. " 

Risk and Value Management Team, Mott MacDonald 

2.8.4 Conclusions 

All participants felt very optimistic towards producing good project performance by using 

an advanced project tool to support their risk management practice. Some of feedback 

from the workshop shared similarities to the ones early explored in the Chinese survey. 
However, some issues that were not raised by the Chinese were the need to 

* enable people to rethink the risk and uncertainty in their project practice; 

9 address an integration of hard and soft project issues, and manipulate them in 

the system; 

ease negotiation among project parties through cvidence-based methodology; 

enable a holistic monitoring over key project performance indicators; 

enable a wider range of business applications to meet more project purposes; 

create access to pluralistic management approaches; 

* enable the compatibility of data exchange among different working 

enviromnents. 
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2.9 Conclusions 

" The review of UK construction was largely based on the reports by Latharn and Egar; 

with follow up initiatives such as implementing NTPA and Constructing Excellence 

It demonstrates that the movement for improving the whole performance of the UXý, 

construction industry is a rational reference model that the Chinese constructic)nt 

industry may follow. 

" Performance and risk are directly connected. The risks of inadequate performance 
depend on progress towards defined objectives some of which can be expressed using 

performance indicators. The relationship has been featured in various aspects of 

construction industry, and been suggested as a guiding perspective for the Chinese 

construction industry. 

" The review of Chinese construction industry shows that the whole industry has been 

suffering from poor performance. Traditional accounts of Chinese construction 

practice failed to recognise the relationship between risk and performance. Literature 

on Chinese construction performance and risk management is very limited. A 

performance-risk perspective can help the industry to improve. 

An analysis of risks in CCI has revealed that risks at project level are more important 

than those at the level of country and market. Contractors see low construction 

productivity, cost overrun, delay of completion, and failure in quality control and poor 

project coordination as critical. They see that some risks should be shared with 

clients. 

0 The use of risk management tools in China needs developing. A management tool 

needs to embrace the joint concerns from both China and the UK. 

0 Chinese techniques for risk management has been obstructed by the lack of holistic 

view and joined-up knowledge management, difficulties in accessing integrating 

management techniques and inadequacies in the understanding of risk. 
A UK learning workshop found that there is a need for a better tool for managing risk. 
Information on which this thesis will be based has been explored. The survey reveals 

the poor performance of the Chinese construction industry. The UK has been 

rethinking construction practice to identify the critical risk factors causing UK poor 
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performance. The potential solution for China maybe derived from joint UK/Chinese 

concerns. In China concentration needs to be on the conduct of contractors. Solutions 

may be developed, either theoretically, e. g. management philosophy, mathematical 

algorithms or practically, e. g. decision support software. The UK workshop revealed 

that integrated risk and uncertainty management is needed and it is this that has 

established the thrust of the rest of the work of this thesis. These findings are 

important but are not the basis of a solution. For that we need cross-disciplinary 

systems thinking. 
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CHAPTER3 

UNDERSTANDING THE RESEARCH DOMAIN 

"Successfulproblem-solving requiresfinding the right solution to the right problem. " 

A ckoff (1974) 

3.1 Objectives 

The objectives of this Chapter are to: 

* rethink risk by understanding the complexity and characteristics of problems and 

uncertainty; 

9 understand decision-making theory and applied techniques; 

41 describe uncertainty and some analytical approaches; 

" review knowledge management; 

" review engineering design and further explore the challenges for current civil 

engineering design practice; 

,, review decision-support systems and investigate current softwarc-based 

applications. 

3.2 Introduction 

Figure 3-1 Caricature on "CliatigiiigYotirIVayofThiti4-iiig" 
(Source: Huang, 2005) 

Figure 3-1 implores us to change our way of thinking. By doing so we will gain new 

opportunities to evaluate and use various models and thinking tools to enhance our 
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reasoning, judgment and acumen. In Chapter 2, we looked at "problem-mining" to 

establish the purpose of this research. 
domain to identify the relevant key points. 

3.3 Rethinking Risk 
3.3.1 Complexity 

In this chapter we will map out the research 

First of all, we need to understand what constitutes a complex problem. A decision- 

making issue is complex if it satisfies the following characteristics (Rotmans, 1998) (see 

Figure 3-2). Firstly, there is not one problem, but a tangled web of related problems. 
The issues lie across or at the intersection of many disciplines (Schneider, 1997), i. e. it is 

multi-dimensional with for example economic, environmental, socio-cultural and 
institutional/political aspects. The underlying processes interact at various levels of 

granularity e. g. local, regional, national, continental and global. 

Multidisciplinary/ multi -sectoral 

NO 

r, 
z: u 

Z 

ZJ, 
' 

Oneproblem 

Web of problems 

Multiple scales and scale interactions 

Figure 3.2 The three dimensions of complexity 
(Source: Roltyrans, 1998) 

Complex issues are inherently uncertain and involve strategic risks. In other words 

managing complex problems necessarily involves managing risk and uncertainty. 
According to Warfield (1994) there are two faces of complexity, one is situational 

complexity the other is cognitive complexity. The source of complexity for the first 
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comes from the system itself and consists of those aspects of the system or problem that 

are not known, observed, understood, or available to designer and engineers. The second 

refers to human behaviour that causes distortion and misinterpretation of the systemic 
information. The capabilities of human beings are limited. 

From a macro perspective we now know that changes at one place on earth can influence 

the lives of people and state of the environment around the globe. This is due to mutual 
interactions between social, economic, institutional, technological and ecological 

processes. The number of issues increases with scale, globalisation, technological 

innovation and an increased interconnectedness. Unfortunately society is not well 

prepared to manage complexity. Government is subdivided into separated ministries; 

engineering is organised by subject or discipline; business is structured into sectors or 
departments. Decision-makers are and will be increasingly confronted with complex 
issues that cross the boundaries of functional departments. They however lack tools, 

adequate decision-support methods, strategies that enable them to do the job. 

In this research the scope of complexity is limited to the civil engineering industry but 

this does not narrow our view on complexity significantly because civil engineering 
involves a vast number of players dealing with large-scale, interconnected issues such as 
infrastructure, environmental and utility systems. Decision-making on complex issues 

requires construction actors to consider an increasing variety of often conflicting and 

contradictory, perspectives, interests, values and needs. Important complex engineering- 

related phenomena, such as structural non-linear multi-degree of freedom turbulence, 

construction processes, etc., are not fully understood in theory and in practice. A recent 

example demonstrates messy complexity. A hunter's gunfire triggered the characteristic 
frequency of adjacent landslide that greatly damaged an electricity plant. 90% coverage 

of power was lost in Chongqing City in Sichuan Province of China in 2005 (China Daily, 

2005). Few could have predicted that incident. 

Decision-making on complex issues is commonly related to the emergent properties of a 

complex system. Although we know a number of system behaviours that emerge when 
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the system is considered as a whole, we still fail to anticipate some unexpected 

interactions of the parts. Understanding those issues therefore require a way of 

conceiving problem, which can be described by using a typology of. 'tame', 'wicked' and 

'messy' problems. 

3.3.2 Wicked and tame problem 

One different way of understanding problems is to use a typology in which well- 

structured problems are known as "tame" and ill-structured problems are known as 

"wicked" and "messy". Typically wicked and messy problem are inadequately modelled 

or ignored and consequently the ability of the project team to control them effectively is 

reduced. 

A wicked problem is defined as one that does not yield easily to a conventional way of 

thinking (Mason and Mitroff, 1981; Rittel and Webber, 1984; Conklin and Weil, 1997). 

Wicked problems challenge our engineering culture and management because they 

manifest many, and sometimes all, of the following characteristics (Lawson, 2005): 

* There is an obvious lack of a definitive formation or theory of the problem. 

9 Competing theories of the problem mandate different, perhaps competing and 

contradictory, solutions and strategies and resources are scarce. 

e Problems are interconnected and maybe interlocking. 

There are multiple explanations for every aspect of the problem. 

Persistent dilemmas plague action planning. 

Wicked environmental conditions persist (high uncertainty, complexity. 

ambiguity, and many surprises are the norm amid resource shortfalls). 

Contradictory policies operate; and chaos and contradictions appear to be socially 

manufactured. 

9 Multi-lateral and multi-level solutions are needed 

In contrast, tame problems are simple, predictable and certain. They are amenable to 

reduction, easy categorisation, and isolation. Each special problem can be paired with a 
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special solution or intervention. When tame problems prevail, linear, one-at-a-time 

planning and problem-solving are efficient and effective. In many cases, tame problems 

can be more effectively solved simply by improved communication and coordination. 
Tame problems may be quite complicated but not complex, they can still be controlled 
through a formulaic approach to produce acceptable results. 

We tackle tame problems through reductionist analytical methods which break things 
down into parts, fix components and the probability of known sequences of failure 

leading to an accident can be assessed. It is assumed that if we understand the parts then 

we understand the whole. The waterfall method is an example (Figure 3-2). 

Gather Data 

Data 

Problem 
-------- -- 

\Formulate 

Solution Solution 

k 

Solution 

20 40 60 80 100 

Time since beginning ofsession 

Figure 3-3 Traditional Wisdom For Solving Complex Problems - 'waterfall' 
(Source: Hancock, 2004) 

We need to deal with wicked problems through systems methods by focusing on 

processes and interdisciplinary approaches which recognise interactions between parts 

produce emergent behaviours of the whole. Senge (2006) drives home the same point in 

his acclaimed book, "The Fifth Discipline". Perrow (1984) in his book "Normal 

Accidents" elaborates on some of the problems inherent in messes. Interactive 

complexity is the measure of the degree to which we cannot foresee all the ways things 

can go wrong. This may be because there are too many interactions to track. Hancock 

(2004) argues that wicked problems are "divergent" as opposed to "convergent". A 
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divergent problem has open questions which do not promise easy solutions. Hancock 

(2004) thus proposes two-dimensional graph to map the "Behavioural CornpiexIty" and 

"Dynamic Complexity" (Figure 3-4). It shows that the tendency of moving further to the 

right appears an increased reliance on social science type solution where people are part 

of "soft systems" with behaviour that can be dominated by belief systems based on their 

emotions and feelings. In the bottom section, where scientific based solutions are 
dominant, quantitative risk data is reasonably reliable for the assessment of risks. 'Hard' 

system analysts often assume that there is an optimum solution and therefore an 

underlying number that we will converge towards. The use of quantitative data to inforri-i 
facilitated opportunity- risk workshops, qualitative results will reveal those underlying 
beliefs which will lead to satisfactory solutions (Hancock, 2004). 
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Figure 3-4 Boston Matrix- Suggested risk assessment processes overlaid 
(Source: Hancock, 2004) 

Hancock (2004) addresses the relationships between risks in the "Boston Matrix" (Figure 

3-4) by incorporating a consideration of the distnbution of social power within a group or 

organisation. In other ways, some researchers comment that wicked problerns can be 

effectively tackled by use of tools: coaching, systems thinking (to be further discussed in 

Chapter 4) and project management that includes the use of integrated "Project and 

Process Teams" (Cul et al, 2006). 
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3.3.3 Risk, Opportunity and Uncertainty 

Risk, at its most basic level is concemed with the possibility that something might go 
wrong. It is rooted in hurnan behaviour, or in natural surprise or extreme events. Risk is 

not a physical substance that can be directly measured (Gezondheldsraad, 1996). "The 

Osion (Y'yestei-day is todaYs dý14, i-entiatoi` is the watchword for ZFM Group in setting 

up their corporate risk management tasks. Risk is a kind of attribute ascribed to the 

unknown future - the real dangers and hazard are only known after it occurs. Thus, we 

need to assess and manage it although we intuitively know risk can not be completely 

eliminated. 

Risk assessment is often considered as the "hard" analysis that attempts to measure the 

actual risks. It is the process of estimating the risks associated with an activity, a process, 

practise or substance (Mayo and Hollander, 1991). Then its managernent comprises the 
"soft" administrative and political procedures to deal with risks (Russel and Cruber, 

1987). It is the process of deciding what to do about the explored risks (Mayo and 
Hollander, 1991). 

When dealing with risks in construction project management, the potential for 

improvernent should also be taken into account. For example it may be possible to 

undertake the project with fewer project resources or to take advantage of an unexpected 

event. Risk and opportunity are opposite sides of the sarne coin - good managernent can 

turn risk into opportunity. Good management of risk can bring significant opportunities 

to add value to construction tearn (Blockley and Dester, 2002). Risks are at the very core 

of the business: risks and opportunities are linked; there are no opportunities without 

risks related to thern (Van Asselt, 2000). Thus risks actually raise the value of a project; 

usually higher risks bring higher opportunities (Miller and Lessard, 2000). Since 

opportunities and threats are seldorn independent, they can also be dealt with at the sarne 
time (Chapman and Wards, 2002). 
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Sometimes researchers use the word 'uncertainty' instead of 'risk, to stress the point that 

a risk has two sides, both negative and positive. The purpose of the risk management 

process in a wider sense should not solely be to ensure a successful project completion 

but also to increase the expectations of project goals and objectives (Mills, 2001). This 

means that project risk management should be turned into project uncertainty 

management (Chapman and Ward, 2003). Risk-based decision making and risk-based 

approaches in decision making are terms frequently used to indicate that some systematic 

process is in place that deals with uncertainties. Decision making under uncertainty 

literally encompasses every aspect of construction industry: at the personal, corporate', 

project, marketing, and country levels. 

An example (Crouch and Wilson, 1982; Gezondheidsraad, 1995) is a blindfolded person 

crossing a crowded street. There is a high risk that such a person will be killed or at least 

injured by a passing vehicle. In that sense the outcome seems to be certain. Nevertheless 

even based on such a clear case the risk analysis tends to be very uncertain. The actual 

outcome depends on where the person is precisely when a car or truck arrives, the actual 

speed of the car and the variability of behaviour, such as whether or not the driver brakes 

in time or if he or she notices the person. The other uncertainty is the lack of knowledge, 

e. g. about the nature of the car fender and other features that effect the outcome. Some 

people suggest that the term uncertainty should replace risk because it can embody the 

variability and ambiguity of risk (Chapman and Ward, 2003). Variability and the level of 

uncertainty of the future scenarios determine the quality of risk analysis done today 

(Turner, 1999). For project management, Chapman and Ward (2004) further explain that 

the uncertainty which matters is that which is critical to all projects and that it relates to 

more than just time and cost objectives of a project. Uncertainty includes, for example, 

problems such as which parties ought to be involved, their motives and the alignment of 

project objectives with corporate strategy. 

The core goal of this thesis is to help manage uncertainty as best practice and through that 

to manage the risks so that the outcomes will be as intended. Risk deals with uncertain 

situations in which a number of possible undesirable outcomes might occur, of which at 

YU CHEN 
DEPARTMENT OF CIVIL ENGINEERING, UNIVERSITY OF BRISTOL 



CHAPTER 3- UNDERSTANDING THE RESEARCH DOMAIN 

least one, but possibly more, is undesirable (Van Asselt, 2000). It is argued that current 

risk management tools seem to fail to be linked to the notion of uncertainty management 

and to address the notion of "radical uncertain4M (Funtowicz and Ravetz, 1993). Some 

authors support this idea by saying that risks are caused by a lack of certainty (Chapman 

and Ward, 2002) and "risk management is about making informed decisions under 

conditions of uncertainty". Construction project actors should shift from focusing on 

risk management to implementing uncertainty management in order to achieve success. 
The risks are difficult to estimate and manage due to the lack of information about 
'fiuzziness, incompleteness and randomness" (Blockley and Godfrey, 2000) that are the 
fundamental descriptors of uncertainty. Although the output of uncertainty management 

might be difficult to understand, it provides evidence of knowledge or information to 

enable decision-makers to evaluate risks. Risk management can thus be considered as a 
logical next step after uncertainty management. The consequence is that uncertainty 

management can be used to improve the assessment of knowledge about the future in risk 

management, while risk management is used to transform and communicate the outcomes 

of uncertainty management into decision-relevant information (Van Asselt et al, 2006). 

Hence, the level of uncertainty is a dimension of risk. Uncertainty is central to risk 

analysis. 

The goal of most engineering analysis is to provide information for decision-making 

(Wang, 2002). Engineering decision-making ranges from simply selecting the size of a 

column of a structure, to determining the site for a major dam, to deciding whether an 

option is suitable for the project specifications or meet the client's requirements. 
However, uncertainties are invariably present in all facets of engineering decision- 

making practice. From this perspective, the modelling and management of uncertainty is 

unavoidable in any decision made during the planning, design, construction, and even 

post-commissioning stages of an engineering system. Therefore, before approaching 

uncertainty management, we need to examine the processes of decision-making. 

3.4 Understanding Decision-making 
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"For a manager to know what information he needs he must be aware ql'each ýype of 

decision he should make (as well as does) and he must have an adequate model to each. 

These conditions are seldom satisfied" 
Ack(? #' 1967 

Decision makers often depend on their past experiences to make decisions. This can be 

difficult in a rapidly changing world. Especially in complex civil engineering 

environments, the ability to view, successfully the current situation through the 

traditional "good Judgment" viewpoint is weakened when uncertainties are changing with 

a multitude of information sources about many issues. Changing paradigiris of how we 

think about social, cultural, organisational and economic issues create difficulties within 

our prevailing mental models. These difficulties skew our perception of what is really 

happening. In addition to facing this constant flux, an engineer or a project manager is 
being asked to choose the path to the future as well as to explain exactly how they plan to 

get there. 
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Figure 3-5 '1 he problem cubic model with characterisations under decision-making 
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Figure 3-5 presents another perspective through which to view decision-making issues. 

The three-dimensional cubic "problem model" is represented on three axes: soft and hard 

issues and dynamic or time effects. Those comers with only a few degrees of uncertainty 

tend to be those explored early in human experience and knowledge. As we move from 

problems with few variables to those with more, our ability to create models decreases. 

The red diagonal shows the longest length from node I to node 8, which directs the red 

node (8) where we may have many variables and complex dynarnics. . 

3.4.1 Decision-making process 

Commonly in engineering, decision-making is a cognitive process of selecting a set of 

actions to reach some objectives under environmental complexities. Any decision- 

making derives from reasoning base that can be rational or irrational. A number of 

studies (Bell et al, 1988; Bazerman, 1998; DTLR, 2001; Willows and Connell, 2003) 

have identified the generic decision-making stages as: 

" identýfving the decision to be made (problem); 

" establishing objectives and setting criteria. f6r success; 

" idenfýfving options; 

" evaluating evidence; 

" choose among options in accordance with the results of evaluations; 

" taking action (Implementing the choice), - 

" reviewing decision and consequences. 

3.4.2 Decision theory 

Decision theory is an interdisciplinary area of study, related and of interest to 

practitioners in all aspects of engineering, science, and human social activities. Decision 

theory helps us identify alternatives with the highest expected value. Most of decision 

theory is norinatii, e or prcývcripth, e and helps decision-makers who are assumed to be 

fully informed and rational and hence able to compute with a required accuracy to 
identify the best decision for actions (Anand, 1993; Goodwin and Wright, 2004). Choice 

under uncertainty is at the heart of decision theory. In reality information tends to be 
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imperfect, incomplete and fuzzy so the biggest difficulty for decision-making is to handle 

it rationally. Probability theory (Ramsey, Finetti, Savage, Lindley) has been used to 

extend the scope of expected utility theory to situations where subjective probabilities are 

used (Clemen, 1996; Shafer and Pearl, 1990; ). 

Hall's Representation of a decision table 2002 
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d. I U(X. I) I u(x., ) I U(.,. ) J 

7he choice (? I'probl(-m consisis (? / a set qf options: d, d, 
'.. 

d, and, at,,,. e 02 
... 

04 

that mav materialise with probabilities marked as: P( P(q, ) ... P(tq. ) 
Ch, )(, vi? jg fhe plion 

d, 
(, au. ve. N ne 0/ m pox. vible outc(mies noted as. - u(xil) u(xl, -)... U(xl. ) 

. 
depending on which. ware olnuture maicrialise, and u Ulilil. VU(Xw)iS aVAINI"Wil 147th vach 

deci. ýiiol ollfvomeý 4 

"nomi, 

' ISY (0 1111 Mk'tff, Ji Stable and 
D ral, & and vet- p fi rendh safe u 

R, - hich exien 

wi. - ýil P(OD P(Ol. P(04) P(o 
3) 

P(od 

lipwillft. 

t, iglit-weight mccl structure 
70% 65 0/'o 70% 65% 90% 6W'o 

Wood-fratned structure 75% 3Wý(. 20', i. 
1 

55% 650, ý, 450/o 

Membrane stiucturc 801ý0 90% 75"o 75*,,. 45% 5501, 

Mix-typed structure 80% 
I 

45'ýb 
I 

6511,6 5 1P 6 70" o I 
6 5') o II 

Figure 3-6 An example of a choice problem, base on the author's master project design 2003 

Hall (2002) simplifies the model into a tabular fon-n. An example is to determine the 

"selection of a structure for a demountable exhibition centre " in the preliminary project 

design phase as shown in Figure 3-6. The figure shows that clients have multiple 

requirements for a project and the extent to which the client needs may be satisfied by 

different solutions. In this analysis it is assumed that complete knowledge is available 

and the decision-maker knows exactly the state of nature 0, and its outcome 

when P(O, ) = 1. 

YU CHEN 
DEPARTMENT OF CIVIL ENGINEERING, UNIVERSITY OF BRISTOL 



CHAPTER 3- UNDERSTANDING THE RESEARCH DOMAIN 

However, what are the results under uncertainty? Schneller IV and Sphicas (1983) 
distinguished between "decision-making under risk" and "decision-making under 

uncertainty". Willows and Connell (2003) discuss the situation when the probabilities of 

occurrence of different states of nature P(O ) are precisely known or can be estimated. 

They argued that we should call it decision-making under risk or "preci. ve uncerfainýv ". 

An example was given in Chapter 2 when assigning " o)" - frequency of occurrence in risk. 
The probabilities were achieved through a statistical analysis of data provided by all 

survey participants whose Judgments and feedbacks are assurned to precisely and 

effectively represent their own situations. When facing "precise uncertainty" we usually 
identify a range of options and possible states of nature, sometimes noted as "scenarios", 

and look for quantitative probabilities and utilities for the outcomes. Savage (1954) 

argues that we should accept a set of axioms of rational choice involving consistency and 

continuity. Decision theory then applies a rule which selects an option with the 

maximum expected utility. The expected utility of an option is defined as the total 

utilities summed across all the scenarios weighted by the probability of scenario. It is: 

P(O, ) 0 II(xii) 

Again, the analysis in Chapter 2 shows that the occurring rule of risky events in every 

level can be represented by " (p = (o, xE" that quantitatively expresses the impact intensity 

of risky events. Take the example of Figure 3-6. If the options are represented by 

P(O) = 0.9; P(O, ) = 0.6; P(q, ) = 0.7, P(O, ) = 0.5; P(q, ) = 0.9; P(O, ) = 0.7 

then the "membrane structure" is the best choice because its value of U= 

0.8xO. 9+0.9xO. 6+0.75xO. 7+0.75xO. 5+0.45xO. 9+0.55xO. 7=2.95 is the maximum over all 
options. 

3.4.3 Strict uncertainty with bounded rationality 

However, in most circumstances, uncertainty has such a large number of unknowns that 
decision-makers are unable to estimate the probability of occurrence of different states of 
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nature. This leads to a type of decision, known as choice under strict uncertainty. This 

occurs when the decision alternatives have several uncertain outcomes whose likelihoods 

are unknown and cannot be inferred from the available information (Hansen and 
Helgeson, 1996). In many such decisions outcomes are given equal probability. Many 

disagree about the form of the choice rule which rational decision makers should use to 

maximise utility in choice under strict uncertainty (Seale, Rapoport, and Budescu, 1995), 

as opposed to risky choice decisions where most choice rules are based on probability- 

weighted outcomes (Kahneman and Tversky, 1979). Girle et al (2003) argue that the 

choice of decision rule generally depends on the degree of risk aversion of the decision- 

maker. The way people adapt their choice heuristics to different decision conditions has 

become an important area of research as decisio'n-making heuristics appear to be fairly 

sensitive to changes in the decision task setting (Hansen and Helgeson, 1996). Human 

behaviour may be irrational or be beyond what is expected to be rational (Kahneman and 

Tversky, 1986; Turban and Aronson, 2001). Thus, to make the problem manageable we 

should not only simplify the available information but also the underlying assumptions. 

There is no absolutely best choice in decision making rather we aspire to an achievable 

solution satisfied within a "bounded rationaliV' that implies a "somewhat less than 

perfect rationality" (Lewandowski et al, 1989), and describes the limited human capacity 

to think rationally. Those limitations can however be handled through a bounded 

rationality model in decision-making processes (Kahneman and Tversky, 1986; 

Rubinstein, 1997; Rajabi et al., 1998). Simon (1957,1958,1961, and 1979) proposed a 

rationality framework for decision analysis called "satisficing" which is a combination of 

words "satisfactory" and "sufficient". A decision-maker who chooses the best available 

alternative according to some criteria is said to optimise; one who chooses an alternative 

that meets or exceeds, specified criteria is said to satisfice. March and Simon (1958) 

have noted that satificing involves a bounded rationality in that decisions occur in a 
limited time frame, decision-makers are unable to get all needed information, and 

unaware of all the information they need for decision-making. 

3.5 Multi-criteria Decision Analysis (MCDA) 

YU CHEN 
DEPARTMENT OF CIVIL ENGINEERING, UNIVERSITY OF BRISTOL 



CHAPTER 3- UNDERSTANDING THE RESEARCH DOMAIN 

3.5.1 Understanding MCDA 

Here a good choice has to be made from a number of available options. Each choice 

represents a decision alternative. In multi-criteria decision-making (MCDM), the 

selection is facilitated by evaluating each choice using a set of criteria. Decision-making 

involving multiple, sometimes conflicting, objectives and/or criteria is called Multi 

Criteria Decision-Making, MCDM (Hwang and Yoon, 1981). The purpose of multi 

criteria decision analysis (MCDA) is to evaluate and choose among alternatives based on 

multiple criteria using systemic analysis to overcome the limitations of unstructured 
individual or group decision-making (Linkov et al, 2006). 

Multi-criteria decision analysis (MCDA) is the process of reaching a decision through the 

consideration of available alternatives, guided by many measures, rules, and standards, 

called criteria (Zeleny, 1981). The criteria include both qualitative and quantitative 
factors, whereas the quantitative criteria may be measured in incomparable units (for 

example, the market share of a vendor and the price of steel quantity). Criteria may be 

alternative or clear and must be assessable or measurable. Even if the measurement is 

performed only on a nominal scale (yes/no; present/absent), their outcomes must be 

available for every decision alternative. Criterion outcomes provide the basis for 

comparison of choices and consequently facilitate the selection of one, satisfactory choice. 
Despite the variations in the terminology and notation used by different researchers the 

general process of MCDA is defining objectives, arranging them into criteria, identifying 

all possible alternatives, and then measuring consequences. Criterion outcomes of 
decision alternatives can be collected in a table (decision matrix). The table rows contain 
decision alternatives and the columns contain various criteria. A value found at the 

intersection of row and column in the table represents a criterion outcome -a measured or 

predicted performance of a decision alternative on a criterion. The decision matrix is a 

central structure of the MCDA/MCDM since it contains the data for comparison of 
decision alternatives. The consequence is a direct measurement of the success of an 

alternative according to given criterion (e. g. budget in pounds). 
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Figure 3-7 Description of model structure of MCDA and its typical example of performance matfix 

The MCDA is also a performance matrix (Figure 3-7) since it shows the value of 

different alternatives for different criteria. In the upper part of Figure, A= (A,, A2 1-1 A. ) 

represents the set of alternatives, and Q= 11,2,..., q) represents the set of criteria. The 

consequence for criterion j of alternative A, is expressed as Cj (A), which can be 

shortened to Cj' when there is no possibility of confusion. It should be kept in mind that, 

altogether there are n alternatives and q criteria. To evaluate the alternatives, a consistent 

numerical scale for the assessment of criteria needs to be set up so that better levels of 

performance lead to higher score values. One possibility is to implement a scoring 

system where the worst level to best level is scored from 0 to 100. On the other hand, a 

series of verbal pair-wise assessments can express a judgment of the performance of each 
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alternative related to each other, e. g. Analytic Hierarchy Process (AHP) (Satty, 1980). 

They can also be used as Elimination Methods (EM) (MacCrimmon, 1973; Radford, 

1989) to rank decision criteria in an order of preference without using quantitative 

weights. Some MCDA methods will be discussed in next section. 

In the lower part of Figure 3-7, a typical example of construction project is shown. The 

performance of a number of the different contractors with regard to a set of criteria is 

thought to be relevant to the client's choice among different contractors' bids. The 

criteria are previous experience, availability of resources, reputation, financial strength, 

number of drawbacks, and price. As seen, some of the criteria are measured using 

cardinal numbers (number of rejection, price); some are expressed in binary terms 

(experience, resource and reputation) and some are shown in qualitative terms (technical 

and financial). A value represents the preferences of a decision model with respect to a 

consequence. The consequence is a measure of an alternative which may be numerical 
(e. g. price) or simply nominal, but must be distinguished from value. The relationship 
between consequence and values is expressed as: 

VJ, = fj (c i) (2) 

where vi and cj are respectively value and consequence, and f, (. ) is a mapping from 

consequence to the relevant value. It noted that greater value of j' indicates increased VJ 

preference. 

There are several ways for a decision model to present preferences based directly on 

consequences. For instance, in the previous chapter, performance was connected to risk. 
Key risk indicators (KRIs) can be defined to manage risks towards the business agenda if 

enterprise-wide risks are factored into performance measurement. In the same way, when 
building up project-wide risk architecture, key performance indicators (KPIs) can define 

a set of strategic and operational metrics intended to measure performance against the 

business goal (Zurich Management Service, 2004). KPIs measure the performance 

associated with an activity or a process critical to the success of an organization's 
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business objective. KPIs will be used within a systems thinking approach in the next 

chapter. 

3.5.2 MCDA methods and tools 

Techniques 
Feature 
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Table 3-1 Featurcs of Decision Problem and MCDA 
Source: Levy, 2001 

Decision-making analysis comprise numerous techniques of rational procedures for 

applying critical thinking to information, data and experience in order to choose betweer, 

alternatives. 

Due to the different availabilities of infonnation such as probabilistic/non-probabilistic, 

cardinal/ordinal, different MCDA techniques have been developed and categorised into 

Table 3-1 by Levy (2001). A detailed analysis of the theoretical foundations of MCDA 

methods and their comparative strengths and weaknesses is also presented by Belton and 
Stewart (2002) and Figueira et al (2005). 
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MCDA techniques are distinguished from one another principally in terms of the basic 

information that can be processed within the perfonnance matrix. A critical discussion of 

the strengths and weaknesses of the some methods now follows. 

3.5.2.1 Multiple attributes utility theory (MAUT) 

Keeney and Raiffa (1976) have discussed the highlights of multiple attribute utility 

theory (MAUT). The goal of MAUT is to find a simple expression for the net benefits of 

a decision. Through the use of utility or value functions, MAUT transforms diverse 

criteria into one common scale of utility or value. A performance matrix (see Figure 3-7) 

sets out whether criteria are independent of each other, and the methods of estimating the 

parameters in a mathematical function. It allows the estimation of a single number index, 

U, to express the decision-maker's overall valuation of an alternative in terms of the 

value of its performance based on each of the separate criteria. Depending on the 

attribute, the evaluation function may be different (continuous or discrete). Although it is 

a good idea to use the simplest model possible value functions of different shape may be 

used e. g. logarithmic ones, tri-partite intervals (Schafer, 2001). Edwards and Barron 

(1994) show that the weakness lies in the need to assume independence of criteria. 
Forgionne (1990) and Ababutain (2002) also criticise the method because of the 

complexity of implementation, high subjectivity and high consumptions of time and 
human resources in practice. It is also found that a limitation of MAUT methods is that 

information must be complete, consistent, certain, and quantitative. 

3.5.2.2 Analytical hierarchy process (AHP) 

In 1977 Saaty introduced the "Analytic Hierarchy Process" (AHP). It depends on 

quantitative pair-wise comparisons of alternatives based on their relative performance 

against various criteria. Central to this technique is the idea that humans find it easier to 

make relative judgments than absolute judgments. Consequently the rationality 

assumption in AHP is more relaxed than in MAUT. It acknowledges basic rationality by 

breaking down a problem into its smaller and smaller constituent parts in a hierarchy and 

then guides decision-maker through a series of pair-wise comparison judgments which 
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are documented and can be re-examined to express the relative strength or intensity ioý 
impact of the elements in the hierarchy. The judgment can be translated to numbers a! 

ratio scale estimates. The AHP is used in engineering science (e. g. Apostolou and Hasse 

1993; Dyer and Forman, 1992) as its predominant advantage is to include procedures ana 

principles used to synthesise the manyjudgments to derive priorities among criteria and 

subsequently for alternative solutions (Satty and Kearns, 1985). An example is illustrated 

in Chapter 2 where the author adopted AHP as a means of analysing the risk criticalities. 
It is used to incorporate both quantitative and qualitative factors and to deal with criteria 

that are not equally important. However its methodological weaknesses have been 

subject to multiple reviews (Barzilai, 2001,2004). AHP requires the mathematical 

calculations of eigenvalues and eigenvectors. French, 1988; Goodwin and Wright, 2004 

note that the rank reversal has caused concern. There is a possibility that when an option 
is added the ranking of two of the other options is not related to the new one (DTLR, 

2001; Marashi, 2006). Linkov et al (2006) also argued that the weights obtained from 

pair-wise comparison in AHP do not reflect people's true preferences. 

3.5.2.3 Outranking methods (OM) 

Outranking is based on the principle that one alternative may have a degree of dominance 

over another (Kangas et al, 2001). An alternative a is said to outrank another alternative b 

if, taking into account all the available information regarding the problem and the 
decision maker's preferences, there is a strong enough argument to support a conclusion 

that a is at least as good as b and no strong argument to the contrary (Hajkowicz and 
Collins, 2007). All of the alternatives are assessed in terms of the extent to which they 

exhibit sufficient outranking with respects to the full set of alternative being considered, 

as measured against a pair of threshold parameters (Dodgson et al, 2000). The main 

controversy is that OM is dependant on very arbitrary definitions of what precisely 

constitutes outranking and of the ways of the threshold parameters are set and later 

manipulated by the decision maker (Dodgson et al, 2000). Linkov et al (2006) argued 
that outranking techniques do not presuppose that a single best alternative can be 

identified. They do not necessarily take into account the magnitude of relative 

underperformance in another criterion. 
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3.6 Decision-making with Uncertainty Analysis 

The MCDA methods are evolving to face the big challenge of the various sources of 

uncertainty. These include definitions of criteria weights or assignments of criteria 

performance values (Hyde et al, 2005). Linkov et al (2006) indicated that few MCDA 

approaches are specifically designed to incorporate multiple stakeholder perspectives or 

competing value systems. The existing MCDA methods thus need to be integrated with 

methodologies of uncertainty analysis for our decision-making on complex issues (e. g. 
Diakoulaki et al, 2005). The difference between risk and uncertainty was discussed in 

section 3.3. Thus, prior to investigating the analysis of uncertainty, we need to have a 

clear definition of uncertainty. 

3.6.1 Defining uncertainty and its process modelling 

Uncertainty in engineering has led to much confusion. One of its best definitions is 

explained in Blockley's Dictionary of Civil Engineering (2005) as "absence of precise 

and complete knowledge", and can be further elaborated as "a concept that reflects a lack 

of confidence about something and is characterised as quality of our knowledge 

concerning outcomes" (Willow and Connell, 2003). Van Asselt (2001) says that 

uncertainty is the entire set of beliefs or doubts that stems from our limited knowledge of 
the past and the present (especially uncertainty due to the lack of knowledge) and our 
inability to predict future events, outcomes and consequences (especially uncertainty due 

to variability). 

The typology of uncertainty depends on context. Commonly uncertainty is simply 

classified as: aleatory and epistemic (Helton and Burmaster, 1996). The unpredictable 
difference between the model output and the observed data is often labelled uncertainty. 
Phillips et al. (2002) indicate that uncertainty can result from either natural variability, or 
knowledge uncertainty. One way to describe how uncertainty manifests itself in 

modelling is by means of the following classification of types of uncertainty (Alcamo and 
Bartnicki, 1987; Van Asselt, 2001): Model Operation Uncertainties; Technical 
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uncertainties; Methodological uncertainties; and Epistemological uncertainties (Figure 3- 

8). 

t.: ticerlai nt ies 

cal Uncertainties 

al Uncertainties 

cration Uncertaimics 

Figure 3-8 Levels of Uncertainty 
Designed h, I, the uwhorftom "Soun-e. - Envirimmental Resoun-e, 985 

'Handling Uncertainty in EIA '. Environmental Resources Ltd. London, t,, 'K'* 

Uncertainty is relevant to various stages of the modelling of processes. Model operation 

uncertainties occur partly due to the hidden flaws in the technical equipment, numerical 

errors and bugs in software, but in particular, due to accurnulation of uncertainties 

propagated through the model. Technical uncertainties appear in quality/functionality or 

appropriate of the data used to describe system, from aggregation - temporal and spatial 

and simplification as well as from lack of data and approximation. Due to the lack of 
knowledge as defined, methodological uncertainties arise. The selection of analytical 
tools poses an uncertainty. Epistemological uncertainties concern the conception of a 

phenomenon and further relates to whether the description, theory or model is applicable 

to the real situation (Van Asselt, 2001 ). 

In project management, technical, methodological and epistemological uncertainties are 

characterised as uncertainties in model quantities (i. e. Morgan and Henrion, 1990), 

uncertainties about model form (i. e. Beck, 1987)-, and uncertainties about model 
completeness/adequacy of the model (i. e. Funtowicz and Ravetz, 1990). Morgan and 
Henrion, 1990; Beck, 1987 define parameter, input and initial states as fon-ning the 

uncertain model quantities. 
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Figure 3-9 Uncertainty in prcýecl decision-making progress 

In Figure 3-9, uncertainty is classified through aspects of the decision-making process. 
During a specific construction project, a project manager may be uncertain with respect 
to the cornposition of the set of alternatives that is noted as "project action uncertainty" 

and, cost, time, hurnan resource and other benefits of those alternatives noted as "project 

associated uncertainty". In practice, the "project associated uncertainty" is very crucial 
because it takes most of measurable values towards the success to each process. Another 

focus of uncertainty related to in decision-inaking process is "project objectives 

uncertainty". It is dominated by the judgment of success criteria. 

Blockley and Dester (2002) argue that "inanaging 'all' risks and uncertainties Vve inust 
have a cleai- idea ofoursuccess goals at all levels in a husineýys and it? a pl-oject. " There 

are so many conflicting objectives, priorities and interests in construction project; success 

therefore means different things to different people (Blockley and Dester, 2002). A good 

understanding of success could be achieved through a focus on customers' requirements 

and preferences combined with the requirements of senior managers and directors and the 

deterrmnations of the project tearn. Decisions in project uncertainty modelling involve 

subjectivity of structure (Pahl-Wostl et al, 1998) ranging from which value is used for 

uncertain pararneters to the choice of algorithm and frorn the treatment of problematic 

data sets to definitions of functional forms. Assessment of complex, trans-engineering 

issues cannot be purely objective. No analysis is possible without a long sequence of 

decisions based on the analysts' subjective judgment (Keepin and Wynne, 1984; Lave et 

a/, 1993; Morgan and lienrion, 1990; Robinson, 1991). A desirable approach is 

"Systems Thinking" not only to ensure that the "hard system" is performing as required, 
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but also that it makes sense within the "soft system7' that includes the stakeholders, client 

and public. To deal with uncertainty rationally, we are required to bridge these gaps. 

3.6.2 State of the art in uncertainty analysis 

The handling of uncertainty plays an important role in the problem solving process. 
Some theories, i. e. Cohen's Theory of Endorsement or Doyle's Truth Maintenance 

System arc known as non-numcric approaches to managing uncertainty. However we 

want to be as precise and accurate as we can be and so wish to measure and quantify and 
deal with problem by mathematics wherever we can (Cui, 1990,1994). Numeric 

uncertainty analysis has become popular in managing uncertainty in current engineering 

research with some practical applications. There are various approaches, including 

interval judgments (Satty and Vergas, 1987), fuzzy logic (Zadch, 1972-1973), 

information gap models (Ben-Haim, 1996), stochastic different equations (Cox and 
Miller, 1965), Bayesian techniques (Ludwig, 1996), multi-attribute utility theory (Keeney 

and Raiffa, 1976). 

A better taxonomy of uncertainty enables structured thinking. There is a continuous need 

to review methods for uncertainty analysis currently in use for the engineering problerns 
because there are various alternative methods. In this research we do not contribute to 

the development of the mathematics of uncertainty analysis but we will adopt a specific 

approach in the integrated uncertainty management framework and decision-support tool 

proposed in the following Chapters. 

3.6.2.1 Info-gap theory 

Yakov Ben-Haim (1996,2001a, b, 2006) has suggested information gap (Info-gap) 

modelling for solving problems where the information base is incomplete or non-existent. 
It may be used in the formal consideration of the uncertainty that exists between "what 

we know about a system" and "what we would like to know" (Mack, 197 1). Ben-1 faini 

categorises these types of decision problems as "Decision under Severe Uncertainty". All 
info-gap model is an unbounded family of nested sets all sharing a common structure. 
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The structure of the sets in an info-gap model derives from the information about the 

uncertainty. The approach focuses on robust decision making in cases of severe 

uncertainty. The general goal of the decision maker is to obtain a satisfactory objective 
function output (satisfies) while maximising his "immunity to uncertaimy' (subject to a 

minimum uncertainty level). Info-gap uses the idea of equifinality, that several parameter 

sets may exist which provide some form of acceptable model, rather than a single 

optimum parameter set (Hine and Hall, 2005). The fundamental concepts of info-gap can 
be represented as below: 

u(a, u) = fu(x): I u(x) - u(x) 1: 5 a u(x)) (3) 

Where the best estimate of an uncertain function u (x) is u (x) , the formula implies that at 

any "horizon of uncertainty'ý- a, the set u(a, u) contains all functions u(x) whose 

fractional deviation from u(x) is no greater than a. However, the horizon of uncertainty 

is unknown, so the info-gap model is an unbounded family of sets, and there is no worst 

case or greatest deviation. Furthermore, 

a(q)= max a: max R(q, u) ý! R. [Opportunity function] (4) 

WCU(a, U) 

A 

P(q, r,, ) = min a: max_ R(q, u) 2t r., 
j 

[Robustness function] (5) 
(ur=U(a, 

u) 

Where, q is a decision vector of parameters, a(q) expresses robustness - the degree of 

A 
resistance to uncertainty and immunity against failure, 8(q) is the least level of 

uncertainty a which must be tolerated in order to enable the possibility of sweeping 
A 

success as a result of decisions q. j8(q)is the immunity against windfall reward, so a 

small value of fl(q) is desirable. As described elsewhere (Hipel and Ben-Haim, 1999), 

the robustness function a(q, r, ) decreases monotonically in the minimum required 

reward r, . This tendency expresses the trade-off between demanded reward and 
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immunity to uncertainty: if a large reward is required, then only low immunity to 

A 
uncertainty is possible. Conversely, the opportunity function p(q, r., ) increases 

monotonically in the dreaming rewardr,, which means sweeping success cannot be 

attained at low levels of ambient uncertainty. It can be illustrated in Figure 3-10 as below: 

UNCFRTAINTY 
Ifigh 

ýImmune) 
t ury cune 

7.0 

Low 
(Vulnemble) REWARD 

LOW I ligh 
(Modest) (Demanding) 

Figure 3-10: Schematic Robustness and Opportunity Curves 
(Source. Hipel and Ben-Haim, 1999) 

A string of parameters and formulations are specifically stated and applied to some 

situations. Ben-Haim argues that "despite all their differences, they share a similarity of 
form, both fiizzy logic and probability quantify uncertainties with normalised 

mathematical functions. " He states that people can quantify uncertainties without using 

probability theory or fuzzy logic to solve some problems which are treated 

conventionally. A major criticism may be the lack of comparing info-gap approach with' 

other models designed to handle the risk versus uncertainty issue in formal decision 

theoretic terms. There seems to be, in addition, no evidence showing info-gap is 

available for managing processes in a hierarchically structured system. There has been a 
big challenge to pose an effective approach to integrating info-gap as a new decision-, 

making theory with systems thinking or other methodologies because it is presented as 
"classical problem-formulations are incompatible with the new approach (Ben-flaim, 

2006). " 
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3.6.2.2 Sensitivity analysis 

Another approach to analysing uncertainty is called "sensitivity analysis" (SA). 

Sensitivity analysis is the study of variations in model parameters and initial values on 

model outcomes, usually by applying statistical techniques. Often in engineering 

analysis, we are not only interested in predicting the performance of a vehicle or a project, 

etc., but also concerned with the sensitivity of the predicted performance to changes in 

the design and/or errors in the analysis. The input is subject to many sources of 

uncertainty including errors of measurement, absence of information and poor or partial 

understanding of driving forces and mechanisms. This limits our confidence in the 

output of the models and decreases the accuracy of output. SA can help us examine what 
input factor dominates the output or what input can be re-investigated and removed. SA 

in general has three types of methods: Screening, Local sensitivity analysis, and Global 

sensitivity analysis (Saltelli and Bollado, 1998). 

For example, we will see how SA affects decision-making in the take-off distance of a jet 

aircraft CJ-1 (Jet Performance Data, 2005). The take-off distance is given by equation 
(Herrington et al, 1966): 

SLO "": 
1.44W' 

gp. SCL., T 
(6) 

S= 318f, 2; p. = 0.002377slugs / f13 @ sealevel; g= 32.2ft IS2 ;T= 73 00ibs; W= 19815lbs 
CL 

.=1.0 
(According to CJ- I performance statements) (Tail wind speed. - 1.44) 

Under such nominal conditions, we have SLO = 3182ft @. However, due to the 

uncertainty of input, we are not confident of the CL. 
x value and suspect that it might be 

ranging from nominal boundary by ± 0.1 , namely 0.9 CL 1.1. For this problem, we 

use a Taylor series approximation, to get: 

aSLo SLO SLo (CL 
max + ACL 

max 9W+ Aw) ! --- sLo (CL 
max 

)+ ACL 
max + -ýS-Lo AW+ SLo (W) 

aCLmax aw 
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C9SL S 

" AC + 
ý- 

The change in S,,,, is ASL, 
) 

ýL 
max 

"' AW , therefore the derivatives 
C'CL 

max 
aw 

'SL') 
and 

'S") 
) can be regarded as the linear sensitivities of S,,,, to changes in 

('CL 
max 

aw 

C1. 
max & W,, respectively. Go back to the equation, we have: 

C9SLo 
--1.44W' 2=-S" 

And 
as "' -2x1.44W =2s", aCL 

max 9Pý. SCLlnax T CL 
max 

aW 9P, SCI 
ma, 

Tw 

Thus, we can look at percent ratio or fractional changes as: 

ASLý 
-1 

'SLo 
-ACLmax +1 

aSLO 
AW - 

C' 
max CSLo 

- 
ACL 

max + 
K' (ýS 

,, 
AW 

SLo SLo aCLmax SLo C9W Sh) 'Cl. 
nia\ 

Cl. 
ma\ 

SI", W 

Finally, we find the following: 

CLmax aSLmax 
= 1.0 

ASL, 
) ;. - -I 

ACLmax 
And 

W aSLO 
= 2.0 => 

AS") 
zz 2 OAW 

'C 
L max 

SLO C SLO CLmax SLO OW s 
LO 

W 

Thus we are able to see that a small fraction change in C,,,,,, will have an equal but 

opposite effect on the take-off distance. The weight change will cause a change of SW 

which is twice as large as it was in the same direction. Therefore, SLOis regarded to be 

more sensitive to W than CL 
max changes at least according to linear analysis. This is a 

simple linear situation. The input factor is a single number. However, when dealing with 

nonlinear problems with large amounts of data we need to utillse global sensifiviýv 

analysis (GSA). The input factors are described by probability distribution functions that 

represent our knowledge of the factors. Typically they are solved by sample-based 

methods such as Monte Carlo Visualisation (Figure 3-11). 

The relation of an input to an output can be v1sualised by plotting a large number of 

points with the input value on the x-axis and the output value on the y-axis. There are 
importance measures that quantify the variance-decomposit ion of the input factors using 

sensitivity indices (Chan et a/, 1998). 
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INPUT 
(Mapped by Monte Carlo) 
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Figure 3-11 An overview on how sanipling-based method works 

The variance V of the model is based on a high dimensional model with k being the 

number of input factors: 

A 
V Vii (7) 

The variation is decornposed into all dimensions of effects including the main effect and 

all interactions between the factors. The first-order sensitivity coefficient is defined as 

the extent of the main effect V, in relation to the total variance V 

s=- Iv 
(8) 

The role of sensitivity analysis is the context of uncertainty analysis is to estimate the 

relative importance of uncertain parameters and initial values on the model output (as 

above). However, Van Asselt el al (2001) argues that "people have to realise that there 

is not a one-to-one mapping possibleftom the degree ol'sensitiviti, to the uncertainty. A 

parameter to which the model output is ven, sensitive may, be quite certain, while highly 

uncertain parameters mav hardl , q1 ct the model input". In this sense, SA only provides 
insights into the role of uncertain parameters and initial values in model runs (Van Asselt 
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et al, 2001). There may be an attempt to implement SA together with mathematical 

approaches, e. g. graphic methods (Cook and Van Noordwijk, 2000) or integration of 

evidence theory/Dempster-Shafer (Canfield el al., 2006; Oberkampf et al., 2001) or 

probability analysis to identify the magnitude of uncertain input data. 

3.6.2.3 Probability and Fuzzy logic 

Classical probability and fuzzy logic theories have been widely used in uncertainty 

management. According to the typology of uncertainty proposed by (Helton and 
Burmaster, 1996), uncertainty could be divided into two concepts: "Aleatory" and 
"Epistemic". Oberkampf et al (2004) defines aleatory uncertainty as the "inherent 

variation associated with the physical system or the environment under consideration". 
Aleatory uncertainty of a quantity can be distinguished from other types of uncertainty by 

its special characterisation as a random value with known distribution. On the contrary, 

epistemic uncertainty does not describe uncertainty about the outcome of some randoni 

event due to system variance but the uncertainty of the outcome due to "any lack'Of 

knowledge or information in any phase or activity of the modelling 

processes"(Oberkampf et al, 2004). Aleatory uncertainty can be dealt with through a 

model of randomness based on the mathematical theory of probability with "probability 

distribution functions" and "probability density functions" (Benjamin, JR, and Comell, 

1970). 

In probability theory, the probability P and event E (donated as 'P(E)') is defined with 

respect to a universe or frame of discernment fl of all possible events in such as way that 

P satisfies the three axioms below (Kolmogorov, 1933): 

* The probability of an event Ec fl is a non-negative real number, P(E) ý: 0; 

9 The probability of the whole universe is P (0) = 1; 

e Any countable sequence of pair-wise disjoints events E,, E2, E3... E,, satisfies: 

P(El u E2 u ... u Ej = 1: P(E) 
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The conditional probability is the probability of an event H, given that some other event 
E has already occurred: 

P(H I E) = 
P(H n E) 

when P (E) >0 (10) P (E) 

One frequently used probabilistic approach is based on Bayes Theorem (1763). It is 

central to probabilistic inference where probabilities are interpreted as a "degree of 
belief'. Given a prior belief in the hypothesis P (H), one is able to deduce a belief on H 

knowing E has happened by using the conditional probability P (E I H) as follows: 

P(HIE)= -P 
(E I H) P (H) 

P (E) (11) 

The Total Probability Theorem states that if El, E2 ... E,,, are a set of mutually exclusive 

and collectively exhaustive events on the universe K2, then: 

P (H) =P (H I 4)-P (4) +P (H 1, E)-P +P (H IQ-P (4) 

Until the 1960s almost all aspects of imperfect data were modelled by classic probability 

theory. New models have emerged that take a broader perspective of nature of 

uncertainty into account. Objective uncertainty in the form of observed/measured data 

can be modelled as randomness, whereas subjective uncertainty that involves "human 

issues", e. g., due to the different attitude to pursuit of perfection in different people is 

difficult to measure. 

Fuzzy logic is thus derived from fuzzy set theory dealing with reasoning that is 

approximate rather than precisely deduced from classical predicate logic. It can be 

thought of as the application side of fuzzy set theory dealing with well thought out real 

world expert values for a complex problem (Klir, 1997). Fuzzy logic allows for set 

membership values to range (inclusively) between 0 and 1, and in its linguistic form, 

imprecise concepts like "slightly", "quite" and "very". Specifically, it allows partial 

membership in a set. Fuzzy model has recently been further developed as 'fiuzzy 
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randomness moder' by incorporating "soft thinkine' concepts. It is constructed by fuzzy 

random vectors, fuzzy probability distributions and fuzzy random functions. It also 

allows for simultaneously considering all possible probability models that are relevant tc, 
describing the problems (Beers et al, 2004). Ile model of ftizzy randomness then 

combines but does not mix objectivity and subjectivity as they are separately visible at 

any time (Beer et al, 2001-2004). The fuzzy approach seems to be difficult for large 

problems within engineering management practice but it does allow incompleteness in a 

way not allowed by classical probability theory. Blockley (2005) defines 

"incompleteness" in civil engineering system as that which we don't know, e. g. sorne 

unforeseen and expected events. He argues that there will be some things that are 

purposely excluded if only we knew they existed. In probability theory everything in the' 

sample space must be identified and the probabilities of each one sum to unity (Blockley, 

2005). Incompleteness is hard to measure and manage, but we must " have the humility 

to recognise the limits to what we know and to manage ourprocesses carefully, so that ýr 

and when such phenomena arise we can recognise them and deal with them before lives 

are losr'(Blockley and Godfrey, 2000). 

in terms of the characteristics of incompleteness, we may include it in epistemic 

uncertainty. Epistemic uncertainty (Helton and Burmaster, 1996) contains uncertainty 

mainly from physical system modelling, or phenomenon abstraction. In Figure 3-12. 

when lacking sufficient data to evaluate the uncertainty, we can adopt possibility theory 

with probability theory based on the evidence theory to analyse uncertainty. Possibility 

theory aims to cope with vagueness and imprecision that is common place in human 

reasoning and natural language (Zadeh, 1978; Dubois and Prade, 1988). 

The application of probability theory combined with the fundamental of fuzzy logic has 

been developed at the University of Bristol to empower and simplify the traditional 

approaches for proposing theory of "evidential support' based on "interval probability 

theory" (Blockley and Cui, 1990; Hall, Blockley and Davis, 1998). 
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(Dempster and Shafer) 

Figure 3-12 Solution approaches based on uncertainty types 
Source. Canjield et al, 2006, (Springer- Verlag 2006) 

3.6.2.4 Evidence Theory and Interval Probability Theory 

The Dempster-Shafer Theory of evidence was suggested by Dempster et al (1977) and 
developed by Shafer (1976). There are several fundamental differences between it and 

probability theory (Bae et al, 2003). 

1. One's belief can be assigned not only to a single event but also to any subset of 

possible events, and it provides a more natural and intuitive way to express one's 
belief in a situation where only partial evidence is available. 

2. Lack of evidence does not imply disbelief. 

3. Evidence theory uses two measures: belief and plausibility, which are used to 

characterise the uncertainty due to the lack of knowledge or data. 
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The main concept of evidence theory is that our knowledge in a given problem can be 

imprecise. The upper and lower bound results (belief and plausibility) are presented. 
Sorne researchers have developed evidence theory through its extension to belief models, 

and applications (Sentz and Ferson, 2002; Dubois and Prade, 1991; Smets, 2000; Bae et 

al, 2006). 

A probabilistic view of belief functions could be represented by using support pairs 
(Blockley and Baldwin, 1987). It can be described as posing a question to a person by 

only answering yes, no, and don't know. If x A, X x(, respectively represent the 
.4 

proportions answering yes, no, and don't know. We have X. 4 
+x +xt, 

A 

The distribution can be expressed as a basic belief assignment on power set of Q: 

Q=! A, Aý , 
2"=10, IAý, jAj, jAuAjj 

m(O) = 0; in(A) = XA; m(A) =x; in(A u A) = x,,, 
A 

where 2" denotes the power set of Q; "m" means a mapping function of basic belief 

assignment with a number in the unit interval [0,11: 2" 4 [0,1 ]; In(A) =x0 for 

bel(A) --* in(A); I- pl(A) -+ m(A); pl(A) - bel(A) -> m(A u A) 

(13) 

(14) 

(15) 

Baldwin (1987) introduces a support pair to express an uncertain statement as[S,,, S, ], 

which stands for the necessary support S, and possible support S, for proposition A. The 

mass assignment is presented as: 

m(A) = Sý (A); m(A) =I- SI, (A); m(A u A) = SI, (A) - S, (A) (16) 

Support pairs as interval probabilities have been interpreted visually as an Italian Flag in 

the software for JUNIPER and PERIMETA (Davis and Hall, 2003, Hall el al, 2004). It is 

attached to each process within a hierarchy model. As shown in Figure 3-13, the amount 

of green represents evidence. for A; the mount of red represents the evidence against A; 

the remaining white represents unknown to A. 
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mmmu=ý 
0 S., S 1P I Figure 3-13 Representation of a support pair in Italian Flag 

Cui and Blockley (1990) developed interval probability theory (IPT) to cater for the 

incompleteness in complex world problerns. IPT uses an interval variable (dependency) 

to represent the degree of dependence in propositions. The dependence parameter allows 

an easy and practically useful way of exploring dependence assumption when the exact 

nature of the dependency relation in not known. Dependency has been known as " p" and 

implernented in propagation of evidence under a situation that a parent process is 

decornposed into several child processes (Blockley and Cul, 1990; Hall, 2004). 

Baker-Langman, et al (2003); Blockley and Godfrey (2000) give examples of the use of 
Italian Flags. A new propagation rule has been introduced by Blockley (2006) as Pair- 

wise Combination Theoýv. Here we need to find the Italian Flag for a super process 

(P(H)) from a number of Flags for sub-processes(E,, E,, E,... E,, ). We need to model 

the relationship of the sub-processes E, with H and of E, with each other. We know that 

P(H) = P(H / E) e P(E) + (I - P(H1 E)) 9 P(E) (17) 

Blockley (2006) redefines sorne of his terms in his pair-wise combination frorn those 

used in previous work and the PERIMETA software (e. g. Hall et al, 2004). The new 

definitions with respect to former definitions are: 

o P(HIE) and P(H1 E) are a warrant or justýfication for an action or a belief 

based on the evidence rather than the misleading notions of si#ficiency and 

necessit)'; 

* The two expressions are interpreted as measures qf how E provides positive 

support (assurance, affirmation, confirmation and corroboralion) and negative 

supporl (tcwtibilitY andfi4lsýfwation)fior H, - 
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* We think of them as measures of a warrant of E Jbr success ol'H which when 

combined with the evidential inputs about the success of E lead to the diagnosis of 

an action that we should be taking to guide H to success; 
We define P(H / E) the positive support (previousIv suf ficienci We define 

P(H1 E) the negative support (previously necessity); 

Judgements are made on the basis of positive support and negative support for 

each sub-process separately regardless of all other sub-processes. 

We d, ýfine that positive support as the degree of chances that H will succeed 

regardless of the evidencefor other sub-processes if E succeeds; 

* We define that negative support as the degree ql' chanCes that H vvi// fiail 

regardless of the evidencefor other sub-processes if E. /ails: 

ff a sub-process is declared as being jointly sufficient then the flag 
. 
/br aqv 

process calculated using that sub-process cannot have a lower bound less than 

the lower houndfor this sub-process. This means that, in this condition, the green 

must be as least as big as the greenfor the sub-process, - 

If a sub-process is declared as being joint4, necessarv then the 
. 
17ag 

. 
1br any 

process calculated using that sub-process cannot have an upper bound higher 

than the upper boundfor that sub-process. This means that, in this condition, the 

red inust be as least as big as the redfor the sub-process. 

Figure 3-14 illustrates the internal relationship between P(H / E) and P(H1 E) with 

newly defined terms within a structure of a single H being attached with a single H within 

each term. Within this figure the extreme situations corresponding to the four comers are 

described as: 

1. When positive support and negative support together reach to 1, H is 

equivalent to E, - 

2. When positive support is 1, negative support is 0, H is always a success; 

3. When positive support 0, negative support is 1, H is alwqjýs afifilure; 

4. When positive support and negative support together are 0, the Flag. for H 

is the opposite of theflagfor E. 
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Figure 3-14 How to choose support values for the warrant of E on H (Blockley, 2006) 

Calculation of pair-wise combinations is processed by three steps and constrained by two 

assumptions. We can firstly calculate the evidence flag for a process based on the flag 

for each sub-process flag separately using the Total Probability Theorem. This is based 

on the inputs of the positive and negative support values and the flag for each sub-process. 

After having obtained a series of separate estimates (e. g. P, (H), P, (H),, ý, (H) ... [ý, (H) ) of 

P (H) based on E, we then combine these pairs as illustrated in Figure 3-15 using the 

dependency parameter p. 
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TIM 

Firs I Step --; ý 
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Figure 3-15 Description of pairwise combination between each sub-process of H 

The I" assumption of the method is that the dependency between ý (H) and P, (H) is as 

between P(E) and P(E, ). The result is an estimate of P(H) from E, and Ej of [ý., (H) 
. 

The final stage of the method is to combine those estimates P, (H) into a single number. 

At this stage we make the 2 nd assumption of considering that the results /ý., (H)are all 

totally dependent. Any conflict between them is absorbed into the white incompleteness 

part of the flag. In effect this means that the minimum green and rnimmuni red values are 

used. If any of the sub-processes are jointly sufficient or jointly necessary then we treat 

them as that the green must be as least as big as the green for the sub-process or the red 

must be as least as big as the red for the sub-process. In another word, we conclude the 

final Italian Flag as: 

P(H) = [S,, (H), SP (H)14S,, (H)=MIN[S, (H)I; S,, (H)=]-IMIN[(I-S,, (Il)llj 
iq 1, / 

The Pair-wise combination method provides a simple way handling evidential 

uncertainty about a defined process at a given level of definition. It can be used to deal 

with a series of child processes for a single parent process. It suits the need for modelling 

a multi -dimensional project through a hierarchical structure. The algorithrn has recently 

been developed as a new plug-in to decision-support software. 

3.7 Review of Decision Making Methods and Tools 
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We have seen that decision making is a continuous process of identifying the problem, 

establishing objectives and setting criteria for success, identifying options, evaluating 

evidence, choosing, taking action and reviewing the decision and consequences. This 

process needs support in order to help people do it well. Various tools have been 

discussed above. All tools have implicit and explicit assumptions which decision-makers 

needs to understand and consider. Table 3-2 is a summary of some strengths and 

weaknesses of these tools. 

DESCRIPTIVE 

- ASPECTS 
CONCEPT/TOOLS 

Decision Theory 

DECISION- 
MAKING 

METHODS 
AND 

TOOLS 

MAUT 

Om 

AHP 

STRENGTHS 

Well-known in research 

Deals with multiple 
attributes and choices 
through weighted utilities, 
choice of an alternative is 
transparent; many people 
prefer to express net utility 
in nonmonetary terms 

Doesn't require the 
reduction of all criteria to a 
single unit. Explicit 
consideration of possible 
that poor perfon-nance on a 
single criterion may ruin an 
alternative. 
Decomposes the problerns, 
has good practical pair wise 
comparisons backed with 
mathematical rigor. 

Extension of classical 
methods to deal with 

WEAKNESS 

Limited use in practice; 
closed world probabilities 
used 
No explicit recognition of 
uncertainty; weightings are 
closed world; utilities have to 
be crisp; maximisation of 
utility may not be important 
to decision-i-nakers; less 
rigorous stakeholders' 
surveys may not accurately 
reflect stakeholders' 

No explicit recognition of 
uncertainty; the algorithrns 
used are complex and not 
well understood by decision- 
makers. 

Difficult to deal with many 
options*, relatively 
complicated calculations; no 
explicit recognition of 
uncertainty; the weights may 
not reflect people's real 

No explicit recognition of 
fuzziness or vagueness. 
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Evidence theory evidence rather than belief 
Distributes measures over 
power set. 
Deals with incompleteness Uses nested sets 
Allows some conflict New theory not yet compared 

Info-gap between models no one with other tools, relies on 
single optimum parameter to pre-existing models. 
satisfice the user 
Presents a traceable output, Deals with uncertainty only 

Sensitivity has well-structured using tolerance bounds. No 
analysis (SA) mathematics uncertainty in inputs, no 

fuzziness. 
Probability Bayesian interpretation Closed world axioms 

theory allows input ofjudgments 
Fuzzy logic Allows approximate Assumes total dependen-c-y-- 

definitions between nested sets. 
Simple calculation, has Difficulties in interpretm'g, 
features of probability theory positive and negative 

IPT / pair wise and fuzzy sets, allows supports or warrants and 
combination incompleteness. Good assessing dependencies. 

visual interpretation through Mathematics of combinatior, 
Italian Flags. Can be used in is work in progress. 

T 
flexibly. 

Table 3-2 Summary of strengths of weakness of decision-making tools 

In the rest of the work described in this thesis we have chosen to use IPT with pair wise 

combination. The reasons will become more apparent in the following Chapters. In 

summary IPT described in section 3.6.2.4 is the most suitable for the systems thinking 

approach where multi-attributes and criteria are dealt with through a richer process model 

than is possible by using MAUT. IPT represents a development and integration of 

probability, decision theory, fuzzy sets to deal with incompleteness and randomness. 
Fuzziness is dealt with by the levels within the hierarchical process model. The value 
functions used to convert attributes into interval probabilities are much more flexible. 
The systems thinking approach allows us to integrate any model varying from Critical 

Path Analysis through cost control methods to MCDA/MAUT if the user considers that 

they provide useful evidence on which decisions can be based. IPT measures can be used 
to express the value of any evidence from whatever source as a contribution to the 
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eventual success of a process within a hierarchy of interacting processes. More details on 

systems thinking will be discussed in Chapter 4. 

3.8 Knowledge management (KM) 

"KM is a catering measure of improving and upgrading the skill stuff, innovation ability, 

production capacity and responding ability of the department and organisation through 

systematic development and utilisation of the information technoloSy and professional 

skills. In essence, it concerns the development process of the organisation, and seeks for 

the organic combination of the processing ability offered by information technology and 
invention and innovation ability ofpeople. " 

(Mata, et al, 1995; Drucker, et al, 1998). 

3.8.1 Understanding of data, information, and knowledge 

The terms data, information and knowledge tend to be used interchangeably but there are 
however some differences between them. Data can be seen as a collection of facts, 

measurements and statistics, while information is defined as organised or processed data 

(McFadden et al, 1999; Watson, 1998). Information is a combination of data plus 

meaning that an observer attributes to it (Marashi, 2006). It is a collection of data 

organised and translated into a form that conveys structure and understanding (BSI, 

2003), which is converted to knowledge once it is processed in the mind of individuals. 

Nonaka & Takeuchi (1995) defined knowledge as information that is contextual, relevant 

and actionable. It is about beliefs, commitments and actions. The author argues that data, 

information, and knowledge exist in the same system. Knowledge becomes the ultimate 
transform representing data and information in practice. Therefore it is necessary to 

achieve in-depth understanding of knowledge and how to manage it. 

3.8.2 Knowledge dimensions and needs for management 

Knowledge is regarded as an entity which is at a higher level and authority than data and 
information (Stewart, 1997). Davenport and Prusak (2000) defined knowledge as "afluid 
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mix qf fi-amed experience, values, contextual information, and expert insights" and "a 

dynamic human process of justý&ing personal belief towards the truth" (Nonaka and 
Tekchi. 1995). There is mutual consensus that knowledge generally can be shown in two 
dimensions: explicit knowledge and tacit knowledge (Nonaka and Takeuchi, 1995; Awad 

and Ghazin, 2003; Kazi et al, 2001; Davenport and Prusak, 2000, etc. ). "Explicit 

knowledge is codified and digitised for example in books, documents, reports, white 

papers, spreadsheet, memos, and databases (Awad and Ghaziri, 2003). It is 

comparatively easy to transfer and share it. Methodologies may attempt to extract tacit 

knowledge and turn it into explicit knowledge. However tacit knowledge is seen as that 

knowledge which is "personal, context- specific, and therefore hard to formallse and 

communicate (Nonaka, 1994). It is very difficult to explain and to communicate. 

There has been much literature addressing the needs for KM in a wide range of practical 

examples. For example, Huang el al (2006) indicated that KM in Chinese construction 

can really help practitioners optirmse organisational structure, manage human resource, 

implement IT utility and learn organisatlon culture. Barnard and Rothe (2003) addressed 

three needs for KM, which are "reuse of designs of systems"; "advice on the design 

process"; and "validation, verification andjustification". 

3.8.3Current practice in KM 

From the perspective of construction industry the most valuable form of knowledge is 

that which is tacit, based on the expenence of individuals and articulated. Tacit 

knowledge has been passed from skilled practitioners to apprentices over many years. 
The main characteristic of tacit knowledge in construction project management is that it 

is difficult to comprehend accurately and hard to express fully with figures, fon-nulae, 

words, language, and scientific models. Therefore the speed of cornmunication and 

adoption is slower and the cost is higher (Zhang, et al 2003). 
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Figure 3-16 
. 
The Model on Tacit Knowledge Flowing and Converting in Construction Project Management 

(Sour-ce. - 11jang andShoty. 2005) 

KM has always been a challenge to the construction industry, which is a predominantly 

project-based industry (Karnara et a/, 2000). Most of the knowledge of the industry is 

generated in projects during the process to deliver a custorn-built facility in accordance 

with the client's requirements and business objectives. Tan et al (2005) indicated that the 

ability to manage the knowledge generated from the projects not only can help to prevent 

the 'reinvention of the wheel, and repetition of similar mistakes, but also serve as the 

basis for innovation, overall improvement and sustaining competitive advantage. 

Unfortunately it is difficult to achieve a knowledge base for intra-project and inter-project 
learning (Kornour, 2000). This is possibly due to the tight tirneframe of construction 

projects, and the lack of sufficient resources and standard work processes for managing 

project knowledge. A project team that either splits up or moves to another project after 

the completion of a project is not conducive to the capture, sharing and reuse of 
knowledge across several projects (Tan et al, 2004). 
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PERSPECTIVE PRACTICE 

CLEVER (Kamara et al, 2002), KnowBiz (Carrillo and Anurnba, 

2000), "Business Case for KM: Guidance & Toolkit for 

Construction (CIRIA, 2005); and "Benchmarking KM Practices ly, 
Strategic and business Construction" (Dent and Montague, 2004), SKD Supply Chain 

(Yin, et al, 2005); WISE Project (Barnard et al, 2003), 

Sustainability Knowledge (C-SanD, 2001), PH Projects 

Specific types of knowledge (Robinsons, et al. 2001); Management Practice (Green et al, 2004); 

Sustainable Competitiveness www. knowledý-), einentuk. uk. net, 

Specific project phases KLICON for knowledge from early design to detailcd design stages, 

and to contractor (McCarthy et al, 2000)ý 

SMEs in Boyd et al, 2004-, MNCs for inultination corporation (XU 

Construction organisations I and Zhang, 2005), 

I able 3-3 Examples ot practice in KM on tour perspecti\ es 

Knowledge loss has become a common issue in construction industry. For example, the 

high staff turnover in the industry, which was 20.2% in 2003 in the UK (CIPD, 2004), 

has also further aggravated the problem. In China, KM in construction industry has been 

poorly implemented. This is mainly due to the ignorance of importance of KM; a lack of 
knowledge education; lack of corporate culture; and other human factors. These could be 

overcome through importing some effective approaches to managing knowledge into 

Chinese construction practice (Gong and Gao, 2005; Zhu and Tao, 2005; Xu and Zhang, 

2005). 

In view of global growing interest and recognition of the importance of KM in 
construction, some academic and industrial projects (Table 3-3) have been undertaken to 

construct knowledge systems with enabling knowledge engineering techniques (e. g. IT) 
for managing knowledge and helping organisations facilitating the decision-making 

processes in construction practice (Hendriks and Virens, 1999, Davenport and Prusak, 

2000; Chau el a/, 2002; Tiwana and Ramesh, 2002, etc. ). 
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Figure 3-17 System Architecture of the Knowledge Management System 
(Source: ffong Cro st Wer Sha(lboll an(I 1171A, 2006) 

Triplestore 

For example advanced practice in KM has been introduced (Wong et al, 2006) as 

architecture to integrate technologies of the Web Services and the Semantic Web. 

Through Web Services, applications can be developed and deployed incrementally, and 

new features can be easily added after systern is deployed. The Semantic Web makes 
both prograrns and hurnans interpret the meaning of documents on the Web (or an 
intranet). The systern (Figure 3-17) may work as a platfon-n for an integrated knowledge 

repository within large engineering organisations and forrns the backbone of the 

knowledge interpretation for an application. 

3.8.4 KM and engineering design 

In addition to the above, knowledge management can be served with improved 

engineering design to better facilitate knowledge distribution, reuse, update and 
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innovation. KM thus supports engineering design or vice versa. KM for the engineering 
design attempts to ensure growth and continuity of performance by protecting critical 
knowledge at all levels, applying existing knowledge in all pertinent circumstances of 
design, combining KM in synergistic ways, continuously capturing, managing, and 

sharing relevant knowledge, and developing new knowledge (thinking) through 

continuous Icaming that builds on internal experiences and external knowledge. As is 

well recognised in engineering design, the use of past experiences and previously 

acquired knowledge, either from the designer's own experiences or from resources within 

their organisation forms an important part of the design process (Wong et al, 2006). 

Chen & Chen (2007) indicated that feature-based design, engineering change and 

modification-based design become three drivers for initiating the process of engineering 
design. It has been estimated that 90% of industrial design activity is based on variant 
design (Gao et al, 1998), while during a redesign activity up to 70% of the information is 

taken from previous solutions (Khadilkar et al, 1994). 

Engineering knowledge is not as same as static (explicit) information stored in files and 
databases. It has to be kept up-to-date by applying it in specific situations or for 

academic use in testing scenarios, by discussions through people and adding new 

experiences, etc. Both the knowledge achieved in the research methodologies and 

software developed is exploited in this thesis. 

Software development is a key part of work for development of a prototype product 
(JUSTISE in Chapter 6) that will firstly evolve into the investigation of software actually 

used (PERIMETA in Chapter 5) at present, then secondly the development and testing of 
the software also bring us more insight into the KM processes in construction engineering 
(Chapter 7) to improve its functional performance. Thirdly, this knowledge will be used 
in the industrial cases to improve their KM processes, and to improve and extend the KM 

already in place. 

3.9 Engineering Design 
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"To convert an idea or a need into the information from which a new product or system 

can be made requires a transformation from vague concepts to defined objects, from 

abstract thoughts to the solution of detailed problems. It is through the engineering 
design that this transformation takes place. " 

Hales and Gooch, 2004 

3.9.1 Description of engineering design 

Engineering design (ED) is a systematic, intelligent process in which designers generate, 

evaluate, and specify concepts for devices, systems, or processes whose form and 
function achieve client's objectives or users' needs while satisfying a specified set of 

constrains (Frey et al, 2005). Important tasks in engineering design are to generate and 

refine design alternatives, and then to select a single design, or a set of designs, to fulfil a 

particular need (Scott and Antonsson, 2000). 

The Accreditation Board for Engineering and Technology (ABET) gives one of the best 

defmitions for engineering design process as "the process of devising a system, 

component or process to meet desired needs. It is a decision-making process, in which 

the basic sciences, mathematics and engineering sciences are applied to convert 

resources optimally to stated objective. Among the fundamental elements of the design 

process are the establishment of objectives and criteria, synthesis, analysis, testing and 

evaluation. " 

ED process is oriented by the process of actions and decision-making to get to the final 

stage where artefact or service or system can be designed. Alternatively, it is often 
described as a sequence of phase beginning with a perceived need and finishing with the 

detailed description of a particular technical system or product (Hales and Gooch, 2004). 

There are now well-accepted guidelines that address specific issues throughout the design 

process, and from a management point of view it is helpful to categorise them according 

to several phases shown in Figure 3-18. ED in civil engineering is related to a variety of 
factors such as firm size, market, and supply chain and business environment. Through 
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the aid of a comprehensive ED, the problem within complex systern could be 

downgraded from wicked to tame according to Marashi and Davis (2006). However in 
practice even the simplest ED is often found to involve wicked issues. 

WICKED 
OUTPUT INPUT 

DF FI\u PPOH Iý NI TASK CLARIFICATION 

I creed designspecifit wion 

ALTERNATIVES 6EXERATED. 
SELECTED AND EVA LUA TF DIUAL 1)1-, Sl(, i N 

4t t tpled cont-4, I)l 

(-I 10SIA CONUFf"I 
DESIGN 

Defill ite hi I oul 
L ý-l RY CO ki P0 NL\I 

COMPLEIFLYSPECIFIED DF'l AIL DESIGN 

-41V . IANII 

Figure 3-18 Description of Engineering Design Processes 
(Redesigned hy Me author it; accordance with Hales and Gooch. 2004) 

3.9.2 Civil engineering design 

In the context of civil engineering, BS1 (1996) sets out a series of principles to define the 

interactions between clients and the construction industry. ED is regarded as an interface 

bridging clients and a design team. It is to develop a client's brief or requirements and 

needs into a design process and to reflect the problem-solving results back to clients. A 

hierarchy of teams are employed for performing a design project which may involve 

client, project management team, planning supervisor, design team leader etc. ED can be 

defined as comprising processes such as: inception and initial brief-, feasibility study and 

brief development; conceptual design; scheme design; detail design; and construction 
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infori-nation (BSI, 1996). Moreover, being equipped with systems thinking knowledge 

(Chapter 4), a tearn or a manager can, it is suggested, focus on "process" into the actions 

of value-focused ED (Buede, 1994; Lafford et al, CIRIA 2001). BCIOD+R (Blockley 

and Godfrey, 2000) highlight such concepts to join-up the processes of Business, 

Customer, Integrating, Operating and Regulating to deliver success, and to manage "what 

is wanted"with "what is buill" through considering "design spirals. for construction". 

In the construction industry, there is an ever-increasing need to pay more attention to 
developing engineering systems than in traditional engineering design. Civil engineers 

normally design to specifications. Originating requirements are statements by the 

stakeholders of the systern that define the constraints and performance parameters within 

which the systern is to be designed (Buede, 1994). Civil works then must conforrn to 

building and other codes. However, as discussed the whole industry is complex, and if 

engineers design to stated requirements that does not imply that uncertainty has been 

ignored. In this sense, uncertainty management in civil engineering is a particularly 

significant long-term foundational issue for planning, design and managernent of 

engineering systerns. 

3.9.3 Integrating management of uncertainty into civil engineering design practice 

Due to inherent uncertainty engineers corne up with different recommendations to 

decision-making in accordance with their particular concerns. Engineering practice must 

also recognise that much of the uncertainty that affects the success of engineering 

systems comes frorn other than purely technological factors. Buede (1994) indicates that 

some design decisions rnay induce substantial risk in the system's success by increasing 

the uncertainty that the cornponent design chosen can meet its minimum value points. 

However, it is noted that the traditional engineenng uncertainty management approach to 

uncertainty leaves out two important aspects of uncertainty management. It firstly 

narrows the focus on "lechnological fifilure" that inevitably leads to disregarding 

uncertainties that rnay create opportunities (De Neufville et al, 2004). As previously 

argued, risk and opportunity are opposite sides of the same coin, and the central to risk 
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management is to perform uncertainty management. Uncertainty often creates 

unexpected opportunities. Thus, the traditional approaches limit the management of 
uncertainties; accordingly it tends to deal only with one-end branch of the distribution. 

Secondly, putting focus on "technological failure" disregards failures concerning more 
issues, i. e. economics, human, and etc. Uncertainty management is required to model the 

entire set of possible outcomes, together with their associated probabilities of occurrence. 
Engineers themselves share this concept, as Petrowski (1994) notes. Engineering design 

practice thus goes to great efforts to protect engineering projects from the possibility of 
failure due to hard issues: (e. g. material weaknesses, structural inadequacies), with much 
less effort on soft issues: (e. g. lack of communication, disorganisation of human 

resources, etc). Much of civil engineering design practice thus needs to be redirected to 
integrate a comprehensive management of uncertainty. Within this, "shaping the 

appropriate organisations" as an important part of our task will be critical to the effective 

management of uncertainty in engineering systems, perhaps especially at the strategic 
level. An appropriate configuration of the engineering group responsible for an 

engineering system is likely to be central both to the success of the analysis and original 
design, and to the management of the system over time. The composition of the original 
design group will be key element because it largely determines which kinds of 

uncertainties get recognised. "If we want to be successful as designers of engineering 

systems, if we really want to improve the way engineering systems are evolved and 
delivered, then it would seem that we have to think about how we can foster the right 

contextfOr the ongoing management of these systems" (De Neufville et al., 2004). It is 

argued that engineering design practice must also recognise that much of the uncertainty 

that affects the success of engineering systems comes from other than purely 
technological factors. 

3.9.4 Current challenges for civil engineering design practice 
Design in practice is often an interactive, recursive process, which relies on existing 
designs and anticipation of possible solutions. Moses (2004) suggests enforcing the 

management of uncertainty and risk to be a foundational issue in the design, development 

and extension of technology. Hence, Maffin and Thwaites (1995) say that "the need is 
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not for the deviation of a new model per se, but for extensions of the existing 

understanding of the process to enable companies to make informed decisions in the 

context of their own circumstances and attributes. " The author therefore poses four 

challenges for extending engineering design practice by emphasising "thinking with 

systems"; "reasoning with uncertainV'; "making information-supported decision" and 
"conducting experiments". 

Thinking with systems 

A hallmark of good systems designers is that they can anticipate the unintended 

consequences emerging from interactions among the multiple parts of a system. This 

kind of foresight is essential for designing engineering systems and managing the design 

process. Much of work has been conducted on reasoning about system dynamics under 

rubrics of systems thinking (Senge, 1990) and system dynamics. Sterman (1994) and 
Ackoff et al (1985) have critical reviews of system dynamics, and provided learning. 

The state-of-art engineering design requires a simplified but more robust thinking 
knowledge to be accepted and applied into engineering management. Again, in Blockley 

and Godfrey' book "Doing it differently' (2004) a new mode of systems thinking is 

introduced. It is probably one of the best perspectives to enlighten people to rethink the 

whole construction industry, and to improve their management performance. 

Reasoning with uncertainty 

Engineering design is conducted with imperfect models, incomplete information, and 

often with ambiguous objectives. The effects of such uncertainties are even more 

prominent in the design of systems. Numerous studies in cognitive psychology have 

some that people are prone to serious errors in probabilistic and statistical thinking, such 

as the ignorance of prior probabilities, insensitivity to sample size, and misconceptions of 

regression (Tversky, Slovic and Kahnamann, 1982). Using a quantitative, normative 

approach should minimise the chance that project failure will occur (Buede, 1994). 

Fon-nal mathematical learning in probability and statistics reduces some errors, but has 

little effect on systematic estimation of uncertainty (Winkler, 1967). Although a widely 
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acknowledged path to improvement of uncertainty management is to make better use of 

modem computational tools to support probabilistic thinking, there is still a lack of 
leverage to recent research in cognitive psychology and attack identified human 

weaknesses in probabilistic reasoning by better understanding and exploiting remarkable 
human strengths in visual processing, long-term memory, and pattern recognition (Frey 

al, 2005). 

Making information-supported decision 

Another one of the challenges of engineering design is that, as the number of variables 

and interactions grows, the system expands beyond designers' capability to grasp all of 

the details simultaneously. One strategy for bringing a system back within limits of 
human capability is to focus selectively on a limited number of factors, preferably the 

most important ones (Ullman et al, 2004). Unfortunately not every project manager or 

process owner is able correctly to estimate the consequences, and make a proper decision. 

Sometimes when having a shortage of support, an experienced professional may face to a 
locked situation that he has never been to, but at that moment, he has to make a decision 

for action. Hence an interactive, dynamic, and concurrent knowledge-based information 

system may provide influential supports to that decision-making. "A decision is a 

commitment to use resources" (Ullman, 2004). Moran and Carroll (1996) indicate that 

one of key issues in better achieving these aspects is the use, reuse and managing of 
information and knowledge. The integration of project knowledge and experience in ED 

avoids the disruptions caused by serious variations, and provides the best opportunity to 

improve overall project performance. Thus, a good project management requires a good 

management of knowledge through the processes of communication (Checkland, 1999), 

interviews (Goulding, 2002), workshop (Blockley and Godfrey, 2000). The knowledge- 

based system is expected to provide designers with information on what changes in 

design can trigger new variations. It should aim to improve civil engineering design as 

the most likely areas on which to focus to reduce variations that can be identified during 

the design stage of the construction project. It is looked on as a user-friendly tool to 

assist professionals by providing accurate and timely information for decision-making, at 
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the appropriate time and enables users to analyse uncertainty or select the suggested 

controls. 

Conducting experiments 

The new design of systems can be seldom finished exclusively by applying fundamental 

engineering science principles. New designs can be seldom be finished without use of 

empirical data and experimentation through adoption of new methods or aids. This fact 

is driving a trend to conduct experiments of a method, thinking or a set of tool to be 

applied in real engineering design environment. Box and Liu (1999) argued that an 

overly rigid adherence to statistical measures of optimal design can have a deleterious 

effect on the leaming process. Engineers must also learn to alternate between inductive 

processes and deductive processes by using practical understanding and models based on 
data. There is potentially promising research on how to coordinate engineers or 

professionals access to new aids, and how to obtain the information or feedback towards 

these applications in their practice. 

Takingfuture into account 

Marashi and Davis (2006) argue that most analytical design aids have been traditionally 

dedicated to solving complicated detailed design tasks for a design unit specialist, while 

much less has been done to aid in structuring wicked and loosely defined problems in 

early stages of a design process. It is argued that, in real construction project, no matter 

who performs decision-making, the design aids are always expected to ease situation and 

simplify the problems. These aids are not only required to be widely used by all project 

actors (client, contractor and designer), but also to be available for analysis of each ED 

process. In accordance with the above-mentioned four challenges, it is obviously not 

enough to only grasp decision-making theory under uncertain situation, but more 

critically to realise an engineering application into a designed system where the 

information, knowledge can be more efficiently and effectively managed. It is therefore 

important to recognise such need and try to address it by providing a decision support 

system to decision makers for their project actions. The true goal in integrated decision- 
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making support is to provide the decision-maker with the ability to look into the future, 

and to make the best possible decision based on past and present information and future 

predictions. Its sustainability in predicting in advance the risk and vulnerability ()f 

project actors and construction itself requires that data be transformed into knowledge, 

and that the consequences of information use, as well as decision-making and 

participatory processes, be analysed carefully. 

3.10 Decision Support System 

3.10.1 Definition, essentials and taxonomy 

The term Decision Support System (DSS) has been used in many different ways and been 

defined in various ways depending upon the researcher's point of view (Alter, 1980; 

Power, 2002; Druzdzel and Flynn, 1999). Finlay (1994) defines a DSS rather broadly as 

a computer-based system that furnishes interactive support during the decision-making 

process. For Little (1970), a DSS is a "model-based set of procedures for processing data 

andjudgments to assist a manager in his decision-making". Sprague and Carlson (1982) 

say that DSS is interactive computer-based systems that help decision-makers utilise data 

and models to solve unstructured problems. Keen (1980) argues that it is impossible to 

give a precise definition to DSS, but DSS remains a useful and inclusive term for many 

types of information systems that support decision-making. One important issue should 
be addressed here that: DSS is not a tool for making decision, but a tool to provide more 

evidences including model structuring, data analysis, and internal/external information 

feeding to aid decision-maker to make a decision. A key word in DSS is "information". 

However, in real engineering practice, not all types of information are of equal value in 

decision-making. In Figure 3-19 an information pyramid is a hierarchy of the scope and 

value of information. Decision-making includes a set of knowledge-based evaluation 

processes. Decision-making support requires the management of data, models and 
knowledge, and the associated judgment on which decisions may be based. There seems 
to be no universally accepted taxonomy of DSS. Power (2002) differentiates five types 

of DSS as: model-driven, communication driven, data-driven, document-driven, and 
knowledge-driven. Sprague and Carlson (1982) identify three fundamental components 

YU CHEN 
DEPARTMENT OF CIVIL ENGINEERING, UNIVERSITY OF BRISTOL it, 



CHAPTER 3- UNDERSTANDING THE RESEARCH DOMAIN 

of DSS as: the database management system (DBMS); the mode-based management 

system (NIBMS), and the dialog generation and management system (DGMS). Power 

(2002) also lists four major components of DSS: the user interface, the database, the 

model and analytical tools, and the DSS architecture and network. 

Figure 3-19 Description of information pyramid by understanding of value 
Resource: Ullman 2004, Robust Decisions Inc. 

3.10.2 Attribute of DSS 

The goal of this thesis is to translate knowledge, additional evidences into description of 

an ideal decision-support systematic toolkit. This philosophy of work is based on the 
joint concerns from Chinese construction actors and complementary suggestions from 

UK interviewees (see Chapter 2). Tversky and Kahneman (1988) indicate that a 

psychologist is troubled by the poor match between the needs and the tools. Decision 

analysis should not be abandoned but rather made more responsive to the complexities 

and limitations of human mind. Through thinking of match between needs and tools, 

Cook (1993) and Ullman (1995) bring out the attributes of an ideal decision support 

system. It is assumed that the ideal DSS will support a team of decision-makers. The 

attributes of a proposed DSS are: 
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Supporting uncertain (fuzzy, incomplete, and random) decision-making 

information 

Supporting evolving decision-making information 

Supporting to build a shared vision 

Calculating alternative ranking, rating and risk 

Directing thefuture work 

Saving time and costs, andpresenting low cognitive load 

Supporting a rational strategy 

Presenting a traceable logic trail 

Supporting a distributed team 

It is noted the first two attributes focus on the information used in making decision. 

Regardless of the all other factors, decision-making is usually based on uncertain 
information (Ullman, 2004). As early discussed in 3.5, the whole engineering system is 

dynamic and that enforces the information system to be dynamic and concurrent. DSS 

must therefore be able to receive evolving information for further decision-making. As 

information evolves uncertainty may decrease. But even in the most refined engineering 

models there are inaccuracies, variations and noise that cannot be ignored (Ullman, 

1997b). The implications of these results are that it must be easy to change data used by 

DSS as a specific problem is solved. Alternatives must be easily added and deleted, 

success criteria must be refined and the results of the new evaluation must be reflected in 

the decision analysis. 

A DSS is required to encourage the team to list the alternatives, criteria and evaluations, 

to improve the decision quality. Thus, a DSS should be a mechanism to foster the 

sharing of information. This activity is often referred to as building a shared vision of the 
decision problem information. This activity is also essential to help decision-makers sort 

out the difficulties when he/she is unclear about the situation where he/she has never 

come across. It is argued that DSS gains people's recognition from capability of dealing 

with decisions that require human judgment and that cannot be solved by the computer 

alone (Olson, 1992). 
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The core of a DSS is to help users choose the best from a list of alternatives and give 

ranking for those alternatives. A robust algorithm to deal with uncertainty is important to 

conduct a holistic analysis of uncertain factors and to ensure the uncertainty analysis to 
be effective. Some uncertainties are measurable (Knight, 1921) and can be calculated, in 

the sense they grow from well-understood systems or processes (Davidson, 1983). The 

construction of algorithm is based on the analysis of uncertainty theory. In this thesis, 

one of the best solutions will be adopted as an outgrowth of Interval Probability Theory 

(IPT): "Pair-wise Combination" (Blockley, 2006) for measuring performance and 

propagating values. 

Due to the shortage of time in decision-making, it is impossible to gather complete, 

consistent and fully evolved information. People must decide which alternatives to 

eliminate from consideration and which attribute of the remaining alternatives to refine 

and evaluate more effectively. There are constraints of time, current knowledge and 

resources to develop increased knowledge (Ullman, 1997a). Put simply, a DSS should 

give guidance on what to do next and to explore the consequences of different options. 

One distinct feature of a proposed DSS is to save cost and time with requirements for 

efficiency and sustainability. To this end, DSS needs to be based on a simple but robust 

problem-modelling design. A focus on errors and biases in decision-making has led to 

various approaches for aiding and improving decision-making. One is to train decision- 

makers to recognise and avoid errors, or on the other hand to construct a decision aid 
based on a mathematical representation of the problem to support the error prone 
decision-maker (Ullman, 1997). However, it seems that decision-makers are always 

reluctant to rely on them (Kleinmuntz and Schkade, 1993). A case can be found in 

Chapter 2 where some of Chinese construction project managers focused on possibility 

rather than probability. This was not only due to the lack of a concept of the difference 

in meaning between them, but also that the latter one requires them to receive more 

cognitive load - to know more. It is therefore suggested that there is a need to simplify 

the problem not to complicate it. The simplification should be done from the problem 

YU CHEN 
DEPARTMENT OF CIVIL ENGINEERING, UNIVERSITY OF BRISTOL 



CHAPTER 3- UNDERSTANDING THE RESEARCH DOMAIN 

modelling to acceptable scoring system. It is to help a team of decision-makers to do 

better than they would without its use, and not impose an increase in cognitive load. 

Dylla (1991) in an experiment with 6 mechanical engineers individually designing a 

mounting system revealed that there was a positive correlation between the consumed 

time on goal analysis and the quality of the solution. It tells us that early work spent on 

understanding the strategy may lead to a better solution. 

The work described in this thesis started from emphasising the relationship between risk - 
and performance before addressing the management of uncertainty. The purpose is to set 

up a "performance-based7' framework to measure, monitor and manage uncertainty for 

delivering best performance in civil engineering project. 

The survey described in Chapter 2 revealed that some of the Chinese contractors 

complain that they often fail to trace the root of a task failure. To do this it is suggested 

that a traceable logic trail and information record is required for justification and reuse 
(Ullman, 1994). Pious (1993) indicates that the importance of capturing decision 

information can be appreciated by looking at the results from a simple experiment. 

Maybe some points seem to be unimportant but later become important because they are 

critical to understanding the causes of a project failure. 

Ullman (2004) also suggests that a DSS needs to support a team of people, complete with 

their uncertain and evolving inputs as they build a shared vision. In addition, decision- 

making is getting increasingly distributed as people work on the same project in offices, 

around the works. It is therefore essential that a system is able to support people over 

time and distance. A DSS could be constructed together with an auxiliary platform 

where information and communication can be transferred simultaneously without the 

spatial and temporal constraints. 

3.10.3 A review of current software-based DSS 
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Current decision support methods should be required to contain all features concerning 
Multi-Criteria Decision Making (MCDM) as discussed in 3.4.4. As a crucial part of DSS, 

the decision support method per se plays a main role in analysing data derived from 

objective and subjective issues. During the search for the best decision, DSS allows user 

to retrieve data, test alternative solutions, and analyse and explore the impact of these 

changes. Software packages have been designed to assist in interactive decision 

involving multiple decision makers. Some are based on Mata game analysis: CONAN 

(Howard, 1989), others are based on conflict analysis, such as DECISIONMAKER 

(Decision Maker, 1996). 

CMCR (Hipel et al, 1997; Fang et al, 2003a, b) is a software-based DSS using a Graphic 

Model for Conflict Resolution. It is programmed in C++ and implemented on a 
Windows Operating System platform. It offers three functionalities: easy modelling 

management, convenient and effective analysis procedures, and the displaying of results. 

The design of the software is depicted in Figure 3-20. It consists of a modelling 

subsystem, and analysis engine, and an output interpretation subsystem. The input is the 

basic information concerning the conflict under analysis, such as the parties involved; 

their options; specification of infeasible states; preferences for the generated feasible 

states; and other special information, including irreversibility among states (Fang et al, 
2003). The modelling subsystem processes this information and generates the necessary 
information for the analysis engine. For every decision-making involved in the conflict, 

the engine performs a stability analysis for each feasible state in the conflict for each 

solution concept and then calculates equilibrium. The output interpretation subsystem 

responds to user requests by controlling which output is displayed via the user interface 

on the monitor. More details about use of GMCR tool can be found in Fang et al (2003a, 

b). 
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Figure 3-20 An example of DDS : GMCR II 
(Sourý -e. - Hipel et al, 199 7ý 

For other tools, e. g. RODOS, consistent and comprehensive decision support is provided 

at levels ranging from largely descriptive reports, such as maps of contaminations 

patterns and dose distributions, to a detailed evaluation of the benefits and disadvantages 

of various countermeasures or remediation strategies (French el al, 2000; Raskob et al, 
2005). However, support is limited to helping a team of decision-makers to evaluate the 

overall efficacy of different counten-neasures according to pre-set potential benefits and 

weighting preferences. It therefore needs to be integrated with other support tools. Web- 

HIPRE is a tool for MCDA with respect to multi-attribute value theory (MAVT), to elicit 
the relative importance of the criteria in problem tree (Geldermann et al, 2005). Crystal 

Ball, developed by DECISIONEERING, is also an easy-to-use simulation tool that helps 

the users analyse the risk associated with Microsoft Excel spreadsheet models. (a), Risk 

uses Monte Carlo simulation to allow people to take all possible outcomes into account. 
It simply replaces uncertain values in the spreadsheet model with Ca)Rlsk functions to 

represent a range of possible values (PRIMAVERA). 
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A guiding review by Maxwell (2002) has also illustrated 20 different software packages 

currently used in various engineering industrial sectors. Whereas, according to the 

survey findings in Chapter 2, the DSS software packages used by Chinese practitioners in 

construction practice are insufficient for current needs. 

One example is JUECE 2000, one of the decision support tools particularly designed for 

a subsidiary project of Chongining Cross-straight Tunnelling Construction in Shanghai. 

The software was designed to fit to the criteria determined by the technical board of the 

project. The tool was specifically created to analyse input uncertainties and to simulate 

scenarios based on acquired information and data. Although It provides a shared view for 

all of the departments within the project (earn no inforination is made available to other 

stakeholders, e. g. the local community because stakeholder management Is not included. 
The framework is task-based and focused on the technical indicators for specific tasks. 
The consequence is that because JUECE was designed for a particular project it has a 

restricted applicability. 

TRM 1.0 (2005) has been recently developed by Tong Ji University for risk analysis of 

urban underground infrastructure construction. Its purpose is to integrate the different 

aspects of risk management, including risk identification, assessment, evaluation, 
decision, and monitoring. It is set Lip on a risk database and uses fuzzy logic to find a risk 
index. The database is limited in scale and quality. For example it does not have a 

search facility for data on a wide range of projects and relevant soft issues such as data 

about project players. 

Another example is I'MIS (Project Management Integration System) and the affiliated 
PMCP (Project Manageincrit Coordinating Platforrn) developed by China National Sports 

Group (www. cnsgrouV. cn) which was developed as decision-support for the construction 

management of some 2008 Olympic projects in Beijing. PMCP facilitates the integration 

of infon-nation such as time parameters, quality, investment and procurement. It enables 

cross-disciplinary communication for cost control, human resource management, value 

management and timc management. PMCP provides project participants with a shareable, 
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secure, standard and unified operating platform. Users are likely to be guided by the 

interface in the way they implement conventional management tools for problem-solving. 

But this does not cultivate a systems perspective on why problems occur and when, what 

causes them, who is responsible, where it occurs or how to solve them. Without a 

systems perspective a holistic view is not developed and lessons that could be learned 

may not be. 

3.10.4 Systems thinking and software design 

Software design is a process of problem-solving and planning to create software that 

satisfies a need. After the purpose and specifications is decided software designers will 

develop a plan to provide a solution. This includes low-level component and algorithni 

implementation as well as the architecture (http: //en. wikipedia. org/wiki/Software_design). 

Many software designs implement systems thinking but may not reflect it back to the 

users. Possibly this is because software is usually written for a specific purpose such as 

making a financial report or structuring a timetable. Software users are not often directed 

or helped to think in a systems way. Therefore the challenge is how to implement 

systems thinking into software design then reflect it back to the users. In other words 

how can software help users/decision-makers to be system thinkers? 

Physical process modelling using an Interacting Objects Process Model (IOPM) 

(Blockley et al, 1996) was developed to tackle hard systems problems this way. The 

IOPM is an object-oriented approach which integrates ideas from systems thinking, 

software engineering, artificial intelligence and traditional hard systems engineering. The 

basic idea is that only local connections of an object with its neighbours are modelled. 

Influences between objects not directly connected than emerge from the local 

connections. This has been shown to work in that results from the IOPM agree with 

standard finite elements solutions and do enable much more complex relationships to be 

modelled such as those set out on a graph. This work has led to enhanced capability for 
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simulating complex physical processes. The IOPM also contains the basis for an 
'appropriate physics. ' 

DSS is important for improving project performance. The methodology for performance- 
based asset management has been constructed and tested through research, e. g. CMAM. 

Further research is required to reshape PERIMETA (previously known as software-based 
DSS) to be a computational tool for DSS. The description and the critical review of 
PERIMETA will be made in Chapter 5, and the development of the tool JUSTISE will be 

discussed in Chapter 6. 
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3.11 Conclusions 

Engineering problems are complex, multi-dimensional, and wicked. The 

rethinking of risk provides a new philosophy of studying complex world to solve 

tame and wicked problems through concentrating our decision-making practice on 
the management of uncertainty. 

* The investigation into decision theory and multi criteria decision-making methods 
has demonstrated that these traditional decision-making methods are not sufficient 

to tackle wicked problems within a complex system. There is a need to integra tIe 

the concept on management of uncertainty into the decision-making processes and 
design of engineering systems. 

A critical review of some uncertainty analysis methods has been made. Although 

some reviewed methods have their own merits in analysing uncertainty, they seem 

to be inadequate in managing uncertainty holistically. A promising method has 

been introduced which integrates probability theory with evidence theory. It 

retains the advantages of probability theory as well as incorporating imprecise and 
incomplete information. Pair-wise combination may be used to simplify the 

analysis of uncertainty and be capable of handling uncertainty. 

Engineers need a large amount of reliable knowledge when designing complex 

systems. They need to identify possible areas of concern. Knowledge 

management helps the enhancement of knowledge distribution together with 

sharing, integration and innovation. More importantly it improves the process of 

engineering design because knowledge is better managed and made available 

when needed. IT-based technology is way of establishing that knowledge-base. 

An uncertainty-driven engineering system can help us convert an idea or a need 
into the information from which a new product or system can be made. It could 

provide transformations from vague concepts to defined objects, from abstract 

thoughts to the solution of detailed problems. In civil engineering practice, design 

systems needs to include soft issues and to be developed through thinking with 

system, reasoning with uncertainty, making information-supported decision, and 

conducting experiments. 
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There is a need to establish a decision-support system for project players. Based 

on the review of software packages, it is seen that there are critical shortages in 

their applications. For example few tools help people to develop a systems 

thinking perspective on their problems. 

Systems thinking is essential to help people tackle complex issues. The aim of 
DSS software to be produced in this research is to help users to use systems 

thinking in their projects. Therefore an understanding of systems thinking and 
how it may be applied is essential to the development of suitable software. 

YU CHEN 
DEPARTMENT OF CIVIL ENGINEERING, UNIVERSITY OF BRISTOL 



CHAPTER 4 SYSTEM THINKING -A BACKBONE THEORY TO MANAGE UNCERTAINTY 

CHAPTER4 

, 
SYSTEMS THINKING- A BACKBONE THEORY TO 

MANAGE UNCERTAINTY 

"Systems analysts should be looked upon not as the antithesis ofjudgment but as a 
framework which permits thejudgment of experts in numerous sub-fields to be combined- 
to yield results which transcend any individual judgment. This is the aim and 

opportunity. " 

Hitch (1955) 

4.1 Objectives 

The objectives of this Chapter are to: 

9 define the meaning of systems thinking; 

* review some existing systems thinking models; 

* explore the essentials of systems thinking and how they might be used for the 

research of this thesis. 

4.2 Introduction 

In the previous chapter we established that uncertainty and risk management is a 

particularly significant long-term issue for scheduling, designing and managing 

engineering systems. It is important for engineers to take a holistic view. Although the 

management of uncertainty from a systems perspective is not new there is little published 

about its practice. As projects grow larger and hence more complex and interdisciplinary, 

there is a growing need for project participants to develop systems thinking skills to 

manage the work and the risks and uncertainties (Steward and Fortune, 1995). As 

discussed early in chapter 2, the complexities yield a number of ill-structured problems 
that possess similar attributes. Tame problems can be solved by conventional analytical 
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methods whereas wicked ones require a different approach with the explicit recognition 

that there are no right or wrong solutions, only ones that are better and worse. Checkland 

( 1999) and Jackson (2003) believe that the overall impact of numerous problem-solving 

tools have not been very satisfactory because they limit the range of problems, and ignore 

the wider organisational strategic context. 

4.3 What is "Systems Thinking"? 

Watson (1994) says "Systems means a grouping of parts that operate together for a 

common purpose. " Checkland (1999) defines a system as "a set of elements connected 

together which form a whole, thus showing properties which are properties of the whole, 

rather than properties qfits component parts". Systems thinking is a holistic point of 

view to deal with the "bigger map" rather than mimmising or reducing the problem into 

separate elements. Sherwood (2002) argues that -ff you wish to understand a system, 

and so be in a position to predict its behaviour, it is necessary to stuýv the system as a 

whole. Cutting it up into bits. forstudy is likely to destroY the sYstem's connectedness, 

and hence the system itseýf. -' Systems thinking" according to Senge (1990), "is a 

disciplinefior seeing wholes". it is a framework for seeing interrelationships rather than 

individual elements, for seeing patterns of dynamic change rather than static picture. it 

offers us a flexible language that might expand, change, and shape our ordinary way of 

thinking with regard to complex issues. It enables us to deal with wicked problems and 
define a holistic view of problem -solving. 

4.4 Review of Systems Thinking Models 

There have been several publications describing advances in systems thinking (e. g. Senge, 

1990; Capra, 1996; O'Connor and McDen-nott, 1997; Flood, 1999; Jackson and 

McKergow, 2002; etc. ). The following is intended to give a brief overview and critique 

of existing models. 

4.4.1 Beer's Viable Systems Model (VSM) (Figure 4- 1) 
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Meta 
System 

nvironment 

Operations 

Figure 4-1 Basic Structure of Viable Systems Model (VSM) tHeer. 1979) 

Beer developed the VSM over a period of over forty years as an aid to the practical 

process of diagnosing problerns in hurnan orgarnsations. The aim was to help improve 
their functioning and achieve the necessary and sufficient conditions for viability. Beer 

believes that the sciences of cybernetics can be used to design organisations which fulfil 

these objectives. He defines a viable systern as one that is able to maintain a separate 

existence and any systern "that is capable of maintaining its identity independently of 
other organisms within a shared environment (Beer, 1979). The systern should survive 
through regulating itself, learning, adapting and evolving (Flood, 1999). Variety and 

recursion are basic ideas. Any viable systern contains, and is contained in, a viable 

system (Beer, 1979) which means that every systern contains sub-systems that are able to 

maintain a separate existence and each of those viable sub-systems has the same 
fundamental structure as the rneta-systern. The use of recursion enables people to 

understand that the whole can be found in the parts, ensures that the strategy of an 

organisation is communicated throughout all the levels. The model is quite realistic 

incorporating amplifiers, attenuators, and transducers to change the required impact of 

activities. The VSM contains five sub-systems (functions), where each holds its specific 

task for maintaining the stability of the system. They are respectively, the productive, 

coordination, executive, planning andfifure. 16cus and the coherence. functions. All that 

goes on in an organisation can be described in terrns of one or more of these functions. 
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However, it seems be only suitable for a small organisation rather than a large-scale 

organisation that may be imposed a difficulty in assigning authorities to individuals who 

make decisions. In addition, while the model represents a cybernetic view of the 

organisations, which is independent of organisational structure since it exists naturally in 

all organisations, any real application of the model results in an extremely cornplicated 

picture that is neither easily understood nor applied. 

4.4.2 Senge's Systems Archetypes 

According to Senge in "The Fifth Discipline" (Senge, 1990) the background to systemic 

thinking was cybernetics which delivers simple models to help people think through the 

issues within their problem domain. These are known as the systems archetypes that 

capture the essence of thinking in systems thinking and are depicted in Figure 4-2. 
People may use Senge's archetypes on recurring personal or organisational situations by 

seeing four simultaneously operating levels (events, patterns, systerns and mental models) 

within a system. His approach is also used in O'Connor and McDermott (1997) and 
Flood (1999) with "enriched versions" as practical examples are presented in "The Fifth 

Discipline Field book" (Senge et al, 1994). The most influential information of Senge's 

concept is not the systems archetypes but the recognition that we cannot know everything, 
because archetypes do not describe any one problem specifically. They describe families 

of problerns. Their value comes from the insights they offer into the dynamic interaction 

of complex systems. Although the archetype structures are suitable for looking at aspects 

of a problem they seem too clumsy to use for building a process model of a larger scale 

system and are potentially confusing. In addition, there is a lack of explicit 

acknowledgement of uncertainty, and a lack of distinction between intended and 
unintended consequences of actions involved in archetypes. 

4.4.3 Checkland's "Soft Systems Methodology" (Figure 4-3) 

Soft Systems Methodology was first defined by Checkland (1981), and developed as the 

result of a programme of action research into ill-structured problem situations. 
Checkland found that existing management science literature was of little help to him. 
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He brought systerns thinking together with second order 'meta' cybernetics (an 

understanding that perception affects the model that is built) to deliver his soft systerns 

approach. The word "soft" refers to consideration of people-related issues, rather than 

solely considering the physical structure of the system. The key to soft systems 

methodology is to understand the distinction between hard and soft systems thinking. As 

previously discussed in problern cubic map (Figure 2-3), "hard issues" and "soft issues" 

exist at the same time within a complex system and need to be treated together with 

uncertainty in a general way. Checkland (1999) suggested that a hard systerns thinker 

perceives the world as a number of systerns which can be engineered, whereas the soft 

systems thinker considers the world as complex and confused and uses a systemic 

process of enquiry to explore it. 

perceived leadsto 
real-world selection of rt 

problem or 
sifaiation 

'cornparison' 
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(question proble models of relevant 

situation using models) purposeful activity 

action to systems each based on 
improve a declared world-view 

id 

a structured debate 
ati on s about desirable 

Mich enable and feasible change 

Principles 
-read world a complexity of relationships 
- relationships exploded via models of purposeful activity 
based on explicit world visions 
* inquiry structured by questioning percehed situation using the models as a 
sourr e of questions 
*, action to improve' based on finding accommodations (versions of the 
situation which conflicting interests can live with) 

inquiry in principle never-ending. best conducted with wide range of 
interested parties. give the process away to people in the silluation 

Figure 4-3 1 he inquiring/leaming cycle of SoA Systems Methodology 
Sow-ce: Cheekland, /999 
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Action to improi e the 
I lie problem situmti,, 

ý- 

problem situation 
L nstructured! 6. Feasible. doirable 

changes 

Icin 

5. Compuriwn of 4 %ith 2 Real World 

Systems Thinki"g 

3. Root definitions of systems 4. Conceptual models 

4. v Formal )stems 

- 
concept 

)(4. 
b Other systems 

Figure 4-4 Checkland*s Seven-Stage for Unstructured Problems 
Source: Chet kland, OW 

In "Systerns Thinking, Systerns Practice" ( 1981 ), Checkland puts forward a seven-stage 
diagram (Figure 4-4) to support his soft systems methodology (SSM). The seven 

activities are linked by arrows to illustrate a logical progression. Stages I&2 are an 

expression phase during which an attempt is made to build up the richest possible picture, 

not of the problem but of the situation in which there is perceived to be a problern. The 

most useful guideline here is to record a slow-to-change sti-iteture and a continuously- 

changing process, and forming a view as to how the two relate to each other. Stage 3 

then involves naming some systerns which look as though they might be relevant to other 

acknowledged problerns and preparing concise definitions of what these systems al-e--as 

opposed to what they do. The object is to get a carefully phrased explicit statement of the 

nature of some systems which will subsequently be seen to be relevant to improving the 

problem situation. This cannot be guaranteed, of course, but the fon-nulation can always 
be modified in later iterations as understanding deepens. These definitions in stage 3 are 
termed root definitions, which are intended to indicate that they encapsulate the 
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fundamental nature of the systems chosen. Stage 4 consists of making conceptual models 

of the human activity systems named and defined in the root definitions. 

The model building is performed through a structured set of verbs which describe the 

minimum necessary activities. Model building is fed by stages 4a and 4b. 4a is the use 

of a general model of any human activity system which can be used to check that the 

models build are not fundamentally deficient; 4b consists of modifying or transforming 

the model, if desired, into any other form which may be considered suitable in a 

particular problem. Models from stage 4 are brought into the real world in stage 5 and 

set against the perceptions of what exists there. The purpose of this comparison is to 

generate a debate which, in stage 6, will define possible changes. These changes must 

simultaneously meet two criteria: firstly that they are arguably desirable and secondly 

that they are feasible given prevailing attitudes and power structures, and having regard 

to the history of the situation. Stage 7 then involves taking action based on stage 6 to 

improve the problem situation. This defines a new problem which is tackled in the same 

way. Compared to Senge's, the approach is very fluid in order to support free thinking; 

the seven stages are not linear but form a learning cycle. The creativity of those 

exploring the problem is further enhanced through the use of "rich pictures"; cartoon type 

figures that allow people to explore their feelings and express their opinions and prior 

experience. Checkland provides a methodology for thinking through soft systems; 
however, he fails to provide a robust modelling approach to delivering the kind of 

systems understanding that is required to support a mixture type of hard and soft systems. 
It focuses on the questions of culture and cultural feasibility rather than on structure and 
information flow, and it focuses on viewpoint of people rather than on technical aspects 

of problem (Harden and Leonard, 1994). The distinction between Checkland (1981) and 
Senge (1990) is indicated by Flood (1999) that Checkland seeks accommodation, Senge 

however seeks consensus. Consensus is very hard to achieve within a complex system. 

4.4.4 Goldratt's Theory of Constraints 

Goldratt (1996b, 2000; Lepore and Cohen, 1999) suggest a number of tools for redefining 

the problem domain through systems thinking. His "Theory of Constraints" revolves 
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around the idea that in any given system there will be one weakest link. By 

subordinating actions to make the most of that link, the system will be optimised. The 

synergy between the two Goldratt and Deming are highlighted in "Deming and Goldratt" 

(Lepore and Cohen, 1999). However, while both authors highlight the importance of 

viewing organisations from a systems view (in order that the "whole be greater than the 

sum of the parts"), neither offers a clear guidelines for constructing a model of a 

complete system. Lepore and Cohen (1999) bring the combination of Goldratt's and 
Deming's to produce a "Decalogue": a ten-step process designed to achieve continuous 
improvement in organisations. 

4.5 Essence of Systems Thinking 

Systems thinking is widely used and means different things to different people (Blockley 

and Godfrey, 2000). It seems that they all have own merits but their deficiencies have 

limited their applications for decision-making. 

Checkland (1981) states that the key systems concepts are emergence, hierarchy and 

communication and control to control, information to be passed within a hierarchically 

ordered system in a dynamic environment). 

Blockley and Godfrey argue that systems thinking is not a subject like Structures, Geo- 

mechanics or Hydraulics but a way of thinking. We shall now explore the essentials of 

systems thinking as set out by Blockley and Godfrey in their book "Doing it Differently. " 

They state that there are three essentials of engineering systems thinking, which are holon, 

connectivity and process. 

4.5.1 A view of "holon" 

In accordance with Kim (1995); Senge (1994); Waring (1996); and Frank (2002), a 

problem may not be solved simply by breaking it down into elements and finding a 

separate solution for each of those elements. Common to most versions of systems 
thinking is the notion of a holons (Koestler, 1967). A holon is an entity that is 
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simultaneously a part of some other whole and itself a whole. It therefore is part of a 
hierarchy and has properties that emerge from the interaction of its parts. 

A building structure is a holon. As a whole it consists of components like beams, floors, 

pillars or others. As a part it is within an urban environment with other infrastructure to 
make up a part for a city or region. We view holons from a particular perspective or 
worldview. So a building can be regarded as real estate, structure, architecture or 
business asset which can be sold in the market or delivered to the government for other 
purposes. A holon is a system within other system that manifest emergence withir, 
emergence (Morin, 1977). He argues "the whole is less than the sum of the parts", which 
is later supported by Senge's experiment (1992). 

"There are always constraints on the whole system, even in those which actively create 

emergence, and on system parts which, in turn, impose restrictions and servitude on the 

whole. These constraints, restrictions, servitudes canforce the system to loose or inhibit 

its emergent qualities or properties. The whole is therefore, in this sense, 'less' than the 

sum of its parts... " 

-- (Morin, 1977, p. 113) 

Morin (1977) argues that the whole is insufficient, uncertain and conflicting. Taylor 

(2002) thus concludes that holons emerge in ascending levels of order or "holarchies": a 
combination of words holon and hierarchies suggested by Koestler. Each emergent holon 

transcends and includes its predecessors; the number of levels of evolution determines the 
depth of the holon. It follows that he greater depth then the greater the degree of 
precision and the lesser the scope and the higher the level the wider the scope and the less 

precise or vaguer the definitions. Holarchies co-evolve since they are related and such 

evolution tends to increase the complexity, the ability to differentiate and integrate, the 

amount of organisation and structure, along with a relative increase in autonomy. Again, 

a practical example is a building structure that satisfies structural stability by adding more 
horizontal bracings but which impairs its aesthetic quality. This is because the depth of 
the former holon (architecture) evolves and co-evolved complexity increases when 
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people take structural systems into account and there is conflict. A systemic approach is 

needed both to recognise such a conflict early and to find a solution. Holons can help us 
define a complex problem and combine the thinking of hard and soft systems. They 

enable us to realise relationships and accountability and identify added value as an 

emergent property and extend to management of co-operative systems (Blockley and 
Godfrey, 2000). 

4.5.2 A focus on connectivity 

Numerous connections can make a problem be too wicked to manage. Although we 

understand that a tame simple problem can be clearly described and solved (e. g. 
describing the deflection of a beam by a central point load), we are not always given 

quite simple and clear conditions of problems in practice. An example was given in 3.2 

to describe the sensitivity of an input that may trigger a big unexpected change to an 

output. The input is not certain, to some extent it is constrained very much by many 
factors which cause a number of uncertainties for problem-solving. In this sense, when 

understanding the functional expressions of influence, we need to explore the interactions 

of functions, data, information or others to define some wicked and messy problems. For 

this, it is suggested to simply put a focus on local connections to establish a reasonable 

thinking perspective. Take a building as an example again, the internal structural 

components: beams, pillars, floors, and walls, are directly connected. An increasing 

variable of load on any components may cause a chain effect to the whole structure. The 

idea also applies to computer modelling even in chaos theory. Systems thinking is about 
"loops of influence". Within that loop we are driven by an intention or some purposes to 

form a loop of actions. A loop of actions in Senge's model of filling a glass of water 
(1990) works as follows. In order to fill the glass to a desired level, we need to turn the 

tap, let water flow into the glass until it reaches the desired level. Most people see this as 

a linear sequence. However all of the actions are interconnected and form a loop rather 

than a straight line. However we also have assumed a context because the tap is 

connected to the water mains or a container where some amount of water is held. When 

turning the tap to fill water in the glass, at the meantime, the amount of water in the 
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container reduces. The amount of water we gain maybe the lost amount of water in 

another container. We cannot ignore the fact that the loop may bring us some effects, 

some changes in another context. The connectivity within processes is so complicated 

that every process may influence each other. In real project management, a process 

owner or a project manager only focuses on direct influences from direct processes. At 

the same time, for avoiding the ignorance of emerging the indirect influences from other 

processes, Blockley and Godfrey (2000) suggest people to manage progress by focusing 

on each particular process; thinking about the needed inputs; looking from inside to 

outside to obtain the dependable evidence; and making decisions to act by sending 

outputs to those processes to which you are directly connected. In addition, thinking 

connectivity may also support us to view how the system degrades as the interactions 

between holons is damaged, which presents us a new theory of vulnerability (Lu, Yu, 

Woodman and Blockley, 1999). 

4.5.3 A process paradigm 

If we view holons as the components of a structural frame, the connectivity represents its 

interactions within different components to create change. Those interactions could be 

mapped or modelled as a process. A process is a set of interrelated or interacting 

activities which transforms input to output (IS09000,2000). Process modelling aims to 

provide us a generic language to represent a system and an ideal foundation for 

knowledge management (Tuggle and Goldfinger, 2004). It can be used to describe a 

complex context where human, physical artifacts are involved, i. e. the messy problems 

occur at the interface between human and technological systems (Blockley, 1999). 

Jackson (2003) argues that modem systems thinking puts much emphasis on process 

because allowing a process to take place, rather than following a predefined structure, can 
lead to innovative behaviours. Some examples can be found in Hammer and Champey 

(1993); Blockley (1996) on business process re-engineering, which is an idea that aims to 

improve business efficiency of organisation by rational analysis of the way people work 

and re-organisation to become more focused on organisational objectives; or in the 

International Standard for Quality Management Systems ISO 9000 (2000), Environment 

Management Systems IS014001 (2004), Systems Lifecycle Processes ISO 15288 (2002) 
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or even in IT, process-driven paradigm is central to conducting 'object oriented' work for 

computer programming. Actually a variety of process concepts can be regarded as 
instances of a general view of process as a purposeful activity, thus a product can be seen 

as a process as it serves for a purpose and interacts with its environment (Blockley, 1999). 

4.5.3.1 Process modelling 

A process model can reflect characteristics of complex interactivity, interdependence and 
inter-communications between different processes. It represents and organises the 

information that is relevant to a specific situation. In process modelling, each process 
incorporates a variety of attributes on physical information (i. e. values, dimension, 

locations, time and data), even human issues (i. e. assigned process owner), and is directed 

by links in the process diagram. A number of existing techniques for modelling projects, 
i. e. the information flow, activity design, and decision-making process could be deemed 

as process models, and all of those take a same feature which is transformation between 

input and output. Those models have been used in a variety of domains in order to 

understand, evaluate and represent the human and system aspects of a task. For instance, 

Sanders and McCormick (1992) suggest that operation sequence diagrams (OSDS) are 
developed during the design of complex systems in order to develop a detailed 

understanding of the tasks involved in systems operation. In this sense, a process model 

can be regarded as a simplest form of problem-solving method, consisting of vertical, 
horizontal and multiple crisscrossed layouts of diagrams. It is constructed from 

descriptive perspective which is concerned with modelling how processes in practice 

materialise (Hall, 2002). In practice, it enables individuals to understand a situation; to 

be clear about their roles and responsibilities; to promote mutual communication; to be 

aware of using appropriate technology to identify and manage critical processes. We will 

now review some of process models to find a generic form for the work of this thesis. 

PERTmodels 

Complex projects require a series of activities, some of which must be performed 

sequentially and others can be performed in parallel with others. For this purpose, PERT 
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can be used for project modelling and enables people to identify the critical process via 

critical path method; to specify interrelated activities and milestones; determine the 

proper sequence of the activities; understand the time required for each activity; to even 

update the project progresses. PERT is structured by Gant-chart to reflect the project 

scheduling and task flow. 

Event Tree Analysis Diagram 

Event tree analysis is a task analysis method that uses tree-like diagrams to represent 

possible outcomes associated with operator tasks steps in scenario. Originally used in 

system stability analysis (Kirwan and Ainsworth, 1992), event tree analysis can also be 

applied to human operations to investigate possible actions and their consequences. A 

typical event tree output comprises a tree-like diagram consisting of nodes (representing 

task steps) and exit lines (representing the possible outcome). Typically success and 
failure outcomes are used, but for more complex analyses, multiple outcomes can be 

represented (Kirwan and Ainsworth, 1992). It can also be used to depict task sequences 

and their possible outcomes, to identify error potential within a system and to model 

team-based tasks. However, when projects gets more and more complex, the diagram 

would be extended to a very large scale so that it could be very time-consuming for 

application. 

Business Process Modelling Language (BPAE) 

Process modelling language was developed as part of the Integrated Process Support 

Environments (Snowdon, 1989) to map a time-ordered network of activities and entities. 

A business process is a collection of activities designed to produce a specific output for a 

particular customer or market. It implies a strong emphasis on how the work is done 

within an organisation in contrast to a product/project's focus on what is made. Business 

process modelling language is designed as a meta-language for the modelling of business 

processes, like XML which is a meta-language for the modelling of business data. 

BPML provides an abstracted execution model for collaborative and transactional 

business processes based on the concept of a transactional finite-state machine. 
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Object Role Diagram (ORAP 

Object role modelling is a method for designing and querying database models at the 

conceptual level, where the application is described in terms readily understood by users 
(Halpin, 1995). Unlike other modelling (i. e. PERT), ORM does not use attributes rather 
it simplifies the design process by using natural language, as well as intuitive diagrams 

which can be populated with examples, and by examining the information in terms of 

simple or elementary facts. By expressing the model in terms of natural concepts, like 

objects and roles, it provides a conceptual approach to modelling (Halpin, 2001). Object 

role modelling recognises four basic kinds of data objects: simple, value, composite and 

nested. 
1. Simple and Value Objects 

s name 
=hali, 

for' 

ZA Composite Object 

Collection-code 

- 
Specimen is part of/contains 

Catalog__Number 

3. A Nested Object 
has/designates 

. umber+ 

occurs onlof 

Specimen 

Citation 

(id4) 

Figure 4- 5 DescriPt"ns of Object Role Modelling 
(Source: Blum. 1995) 

A simple object is one in which real world instances are designated uniquely identified by 

a single data element. A value object is something like a name or label, umber or date. A 

composite object is one in which the instances or real-world cases are designated 
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(unambiguously identified) by two or more relationships to other data objects, with 

appropriate annotation on the relationships. An object whose existence and identity 

stems from the relationship between two other objects is called a nested object. All four 

types of object are illustrated by Blum (1995) in Figure 4-5. 

IDEFO Model 

The IDEF methodology was initially intended for use in systems engineering. IDEFO is a 

method designed to model the decisions, actions, and activities of an organisation or 

system (www. 1def. com/1defO. html). IDEFO has a number of applications: it can establish 

the scope of an analysis, especially for a functional analysis. It can be used to enhance 

domain expert involvement and consensus decision-making through simplified graphical 

devices. It assists the modeller in identifying what functions are performed, what is 

needed to perform those functions, what the current system does right, and what the 

current system does wrong. 

Controls 

Input 

Figure 4-6 Graphic cell of IDEFO 
(Source: http: //www. idet. com/idefO. html) 

Dutputs 

The generic diagram of IDEFO is represented by a 'Graphic Cell' (Figure 4-6). 

Resources that are used in the process but not consumed or transfon-ned by the process 

are noted as controls rather than as inputs. The "box and arrow" show the function as a 
box and the interfaces to or from the function as arrows entering or leaving the box. To 

express functions, boxes operate simultaneously with other boxes, with the interface 

arrows "constraining" when and how operations are triggered and controlled in 
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hierarchical structure of diagrarn (Figure 4-7). It provides a quick index for locating 

details within the hierarchic structure of diagrams. 

The strengths and weaknesses are described in the following table: 

Strengths Weaknesses 
FData-fl 

s the systern activit-ies and levels for Does not support the specification fa 

o n o functi m ct m function modelling recipe or process, e. g. timing 
-- Facilitates and constructs a top-down ncise content restricts users (on-ly Co 

representation and interpretation domain expert or participants) 
Observed activities can be described and A tendency to interpret models as 
then combined into a higher level activity representing a sequence of activities 
Defines the precise meanings of diagrarn Corruption of the basic principles may 

elements 

I 

occur when activity sequences are not 
Flexible and compatible with IDEF family included 
t ools 
- I Table 4-1 Strengths and weaknesses of IDEFO 
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Hierarchy Process Modelling (HPM) 

Simon (1999) indicates that complex systems are frequently hierarchical in nature, and 
thus, can be decomposed into subsystems. The notion of hierarchical description of 

systems is fundamental to systems thinking (Haimes, 1977; Checkland, 1999) and has 

been well implemented in many of engineering management practices. The forrn of 
hierarchy enables processes to be analysed at different level of definition. It provides a 
holistic view for analysing a top activity or task by decomposing it into a number of its 
child activities until reaching the bottom level where those child processes cannot be 

further decomposed in the given context. Blockley and Henderson (1988) indicate that at 
the top of the hierarchy are processes which are the most vague and imprecise, at the 
bottom are those which are as precisely defined as is required for the problem. With 

hierarchy process modelling, an integration of process model structures and flow of 
infon-nation can be achieved. It provides a "synthetic thinking" to ensure that the system 

of interest is described in as complete a way as possible, and to identify softer 

relationships (including human sub-systems) and emergent properties (Hall, 2002). The 

hierarchy remains dynarnic as it can be regularly and easily revisited and reordered as a 
result of collecting, combining and clustering information frorn various parts of the 

organisation. According to its extensional flexibility, hierarchy process modelling has 

been implemented in a wide range of acadernic fields, such as incorporating 

mathematical manners for decision-making. An example was demonstrated in section 3- 
3, analytical hierarchy process (AHP) (Saaty, 1980). A hierarchical structural model is 

presented to assess the impact of the role of the project manager on the levels of 

innovation and project performance (Dulairm et al, 2004). It can also be used to present a 

tool for the qualitative evaluation of buildings performance (Rheingantz, 2003). 

In this thesis, hierarchy process modelling will be adopted for real project modelling to 

manage uncertainty. It aims to structure a set of wholes and parts (holons) where the 
infori-nation and data could be inter-transformed. The HPM in this thesis has some key 

features, which are that: 

0 the proposed hierarchy process model suits the need of process enactment which 

allows the transformation to be truly implemented between actual state and 
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process modelling. The information of an actual state can be truly remapped onto 

the hierarchy model. The process we set at the top for our system, purposes is a 

matter of where we decide to put the boundary of our system of processes 

(Blockley and Godfrey, 2000). 

* people should note that there is no absolutely fight way to decompose process. 
However, the proposed way of decomposing processes needs to be rational, 
logical, and tirne-performance-related. The way of modelling is to decompose the 

top process/activity downwards towards its bottom level. Conversely, when 
discussing the final result of the top, the reversed flow of analysis enables us to 

rethinking the systern to examine if any process is overlooked. The whole 

structure becornes more manageable. People can see how it all fits together the 

structure does not seem as overwhelming. 

0 it is different from ORM or others, the style of hierarchy appears as a pyramid 

which poses a vertical modelling of components and process inputs and control 
loops. The representation of process is a multi-level snapshot of activities of a 

systern or a business project or an enterprise where details are parasitized in the 

process attributes. 

the tli-ne-perfori-nance is often neglected in process modelling, but very essential 
for modelling in this thesis. For example, if process 'A' can be decornposed into 

processes of '13, C, and D'. The earliest start time of thern represents the earliest 

start tirne of process 'A'. In the same way, the earliest finish time, latest finish 

and start time, duration time and others could be logically deduced via ci-itical 

path analYsis. The time parameters for process 'A' can be obtained through the 

outputs of time parameters frorn its sub-processes. 

processes within the bottorn level are precisely defined (Blockley and Henderson, 

1988). The key emphasis thus should be on the bottorn level processes, which 
horizontally presents a logic time-related work flow across the hierarchy. 

0 due to the complexities in a system, project or enterprise, we hereby suppose such 
hierarchy is dynarnic, operational and interactive. The state of each process is 
described as present tense. It enables people to use dynamic thinking to renew the 
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concept of hierarchy when considering some new factors involved in the 

modelling. 

if implemented in software, the hierarchy remains dynamic as it can be regularly 

and easily revisited and reordered as a result of collecting, combining and 

clustering information from various parts of the organisation. This is reinforced 
by expressing the risks as processes (wwwstralrisk. co. uk) 

4.5.3.2 Process attributes 

If we focus on a single process, it can be simply described and characterised by a set of 

attributes within itself The attributes of a process are those iterns of infori-nation that 

support the understanding of enactment of the process (Hall, 1999) and affect the 

consensus of process modelling (Le Masurier, 2001). The understanding of attributes can 

provide us an in-depth view of a process and its parent or child processes. It further helps 

us manage the uncertainty regarding different attributes within a system, because at the 

root of managing process is an understanding of risk and the managing of uncertainty. 
Risk management and subsidiary processes of hazard identification, risk analysis and risk 

assessment are essentially bound up in our understanding of uncertainty (Blockley and 
Godfrey, 2000). The processes have attributes some of which are the state variables for 

the system (e. g. cash flow, time, human resource inputs). They possess process statement 

and information (e. g. project background). They describe a given context in which the 

process is to be modelled (e. g. process owner and stakeholder, technical assumption, 
location). They could be concurrently supported through external systems (e. g. web 

sources, data warehouse, and human-being's activities). 

In this work the process attributes can be categorlsed through the six basics of "vi, h. v, how 

what, who, when and where. " They will be integrated through a "pre-established 

monitoring inteýface" for each process in a hierarchy process model. The aim is to 

ensure that the decision-maker does not omit anything important through a 

comprehensive examination of the perfon-nance of each process with respect to success 

criteria. Also the outputs affecting child, in-line or parent processes as well as inherent 
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risks and uncertainties information for appropriate sharing with other authorised people 

need to be captured. 

4.5.4 Hard and soft thinking 

As discussed, the foundations of systerns thinking in this thesis were laid in the ideas of 
holons, connectivity and process. In fact, any infori-nation throughout the systems 

modelling is interacted, managed, and delivered against its soft and hard systemic 
background, which enable us to implernent hard and soft thinking in decision-making. 

Although hard and soft thinking of systerns seern to be opposite in use of terms, they 

have to be thought together and to influence each other in the same system. Blockley and 
Godfrey (2000) define thern as follows: "Hard sYstems are physical systems... and 
independent qfthe observer and hence the same. 16r all qfus. Hard systems comprise an 

action and a reaction ... by contrast, soft s. vstems are human and social systems- they 

involvepeople. Our collective understanding (qfsoft s. vs1ems) has developed through the 

socialsciences. Soli sYstems comprise action, reaction and intention. " Hardsystems 

can be used to predict the response of the system to changes in a specific environment, 

and can be expressed in the form of mathematical functions with a set of precise measure 

of outputs, e. g. length, space, area, etc. By contrast, soft systems are hard to predict. It is 
difficult to obtain agreement towards a set of objectives in a soft system. It is a fact that 

people are an essential component of all human-related activity systems, involving people 

as project actors, customers, or stakeholders. The recognition of the importance of 

people resulted in a number of developments of our systems knowledge, i. e. the social- 

technical systern (Ernery and Trist, 1969), systerns practice in staff working (Checkland, 

1981). Jones and Peters (1972) argue that we should not impose technical (hard) 

solutions on the workplace without considering the effect on people. Blockley and 
Godfrey (2000) argue that all hard systerns are understood and managed through soft 

systems, and embedded in soft systerns which in turn are embedded in the natural world. 

Le Masurier (2001 ) said that it is not the case that hurnan soft systems can understand and 

manage the whole physical universe. I le uses a spectrum qf intentionalitY to argue "ýfa 
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theory or model describes behaviour of the world in vague terms then it could be 

described as a 'soft'model". 

4.5.5 Subjective, objective and dependability 

Soft and hard systems thinking yield a crucial understanding of "objective" and 
"subjective" issues when we talk about a system. People's judgments, behaviours and 
decisions are driven by the purposes and based on their perceptions of the world. The 

perception of the world is fed with the knowledge we gain. Knowledge is defined 

(Oxford English Dictionary) as : 'facts, information and skills acquired by a person 

through experience or education; the theoretical or practical understanding of a subject,. 

what is know in particular field or in total; facts and information or; awareness or 
familiarity gained by experience of afact or situation. " Karl Popper (1980) categorises 
knowledge into three worlds: "The Physical World ]-five senses", "The Personal and 
Subjective World 2- mental world" and "The Objective World 3". Following Popper's 

thinking knowledge acquisition involves complex cognitive processes as: people perceive 

the world, facts as thoughts and reflections (World 2); then share their perceptions, and 
learning from that; then associate learning with object (World 3) for reasoning. Blockley 

and Godfrey (2000) argue that knowledge in World 3 has an objective existence in the 

sense that it exists outside the mind of any one individual, even though it was created by 

many individuals. World 3 has an objective existence although it derives from our 

subjective minds. We can only access the physical world 1 and the objective World 3 

through our own personal World 2. 

Blockley (1980) divides perceptions into two categories: personal and inter-subjective 

where personal refers to perceptions that are entirely individual, such as pain. Inter- 

subjective refers to perceptions that are shared with others, such as beauty, and are further 

sub-divided since we commonly talk about 'objective' and 'subjective' perceptions. 

Blockley (1980) defines objective perception as "those subjective perceptions the 

intensity of which can be measured'. In this sense, sometimes some objective 

measurement may not be dependable, whereas some subjective measurements could be 
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dependable. Based on Popper's scheme (1980) for the growth of scientific knowledge a 
theory or hypothesis could be dependable if it can withstand repeated tests. Thus, 

Blockley (1992) argues that sciences and engineering are driven by different values, 
because of the different consequences of error. According to Blockley (1980), the four 

conditions of dependability can be surnmarised as: 

" repeatability of experiment; 

" repeatability of the state in each experiment; 

" clarity in describing the states; 

" repeatability of magnitude of each state. 

Rather than seeking for truth, decision-making in engineering context therefore requires 
dependable information through which decisions can be made. For example, it is a 

common truth that the width of a street can be subjectively measured by pacing out the 
distance. The method is dependable for determining how many people can line up at the 

starting line of a marathon race, but may not be dependable for determining how cars can 
be arranged within the street for intercity car racing. 

4.6 Towards A Framework for Managing Uncertainty 

1. A process-driven view: Identifying and defining processes at different levels 

provides a common language for describing systems. For one thing, taking a 

process rather than organisational view should ensure that all issues are 

considered; making one person the "owner" for a particular process should ensure 

that none are overlooked (Blockley and Godfrey, 2000). Through managing 

uncertainty within each process, the whole management of uncertainty can be 

easily achieved. A process-driven view is fundamental to our research because it 

provides a "core concept on which all other ideas are hung" (Blockley and 
Godfrey, 2000). 

2. A hierarchy process modelling: As discussed in 4.5.3.1, in this research, the 

author will adopt hierarchy project process modelling. A system-based approach 
to managing complexity is to decompose the system into its child components, 
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which are viewed as different processes in the project context. It provides a 
holistic view on each process through which the performance can be improved 

and uncertainty in each process can be managed. Project undertakers may be able 
to understand how child processes' performance can be measured, and to realise 
how parent process could be successful when being affected by its child processes. 
It is graphically represented by a "shape qf pyramid' or vertically arranged 

hierarchy. 

3. A performance-based perspective: A system may contain a number of processes 

each of which is characterised by a number of attributes. The performance of 

particular process and its impact on its neighbours is the basis of understanding 

the performance of the whole system. As previously discussed in chapter 2, good 

performance can be described as the degree to which the system rneets its stated 

aims and objectives. Performance is manifested in various aspects, e. g. time, 
finance, organisation etc. Risk is an expression of the likelihood that good 

performance will not be reached and the consequences in a given context. Risk 

management is and can be controlled through the management of the uncertainty 

of performance. So managing the risks within a project is to manage performance 

under uncertainty. 

4. A KPIs-led performance measuring methodology: the system being modelled 

will have various types of performance indicators associated with it. Each 

perfon-nance indicator represents a form of measure of performance. Measuring 

performance in the construction industry has traditionally been based on hard 

systems and been presented as outputs of statistical failure mechanism, finite 

element models, analysis of Gantt chart, financial analysis etc. However, there is 

a growing realisation that such measures taken in isolation are inadequate in 

deten-nining the success of a scheme as a whole. It is people that are the root of 

success or failure of a system of project. It is vital to measure soft systems so that 

the framework for success can be understood and established through the 

management of stakeholders. Like previous research made by Le Masurier 

(2001), Marishi (2006), in this research, performance indicator is used to obtain 

YU CHEN 
DEPARTMENT OF CIVIL ENGINEERING, UNIVERSITY OF BRISTOL 



CHAPTER 4 SYSTEM THINKING A BACKBONE THEORY TO MANAGE UNCERTAINTY 

data assembled frorn all available sources and can be described as a linguistic 

combination of stakeholder's requirements, organisational strategy, values, 

standards and codes in practice. In real project management, performance 
indicators can be categorised into several elements: cost, tirne, quality, client 

satisfaction, change orders, business performance, heath and safety or etc. Bitici 

and Carrie (1998) indicate that there is a difficulty in relating a perfon-nance 

measure to a logical part of the business. In this thesis, it is assumed that all of 
key performance indicators can be registered into a performance monitoring 
inleýfiice that consists of 6 fundamental attributes of a process: why, how, who, 

what, when and where. Perfon-nance indicators should be used when it is 

essential or when detailed Judgment criteria can be established in strategic 

thinker's minds. It airns to enable an individual or team members in any part and 

at any level within the organisation to see how their personal judgments impact on 

the performance of the system as a whole. Within the performance monitoring 

interface, perfon-nance can be described by perfon-nance functions, and its subset 

of the systern parameters are referred to the systern state variables, whose 

convergent influence results in a measurement of perfon-nance, usually known as 

a non-dirnensional measure, on a0 to I scale of how the system is performing 

towards its objectives (Figure 4-8). It is considered as an evidence value for the 

corresponding process. 

vidt-114 v Mal lbe Lack of evidenct, vidertce All p"wt-. %. s 
I)rtptt-%. % is %ucccsvitel bi rt0l Stit 

0 Sn SO 

Figure 4-8 Representation of evidence value on success! fai lure of a process 
(Source: DatIs and Hall. 2003) 

5. An evidence-focused combination and propagation algorithm: performance 

measurement provides evidence to make decisions. Perfon-nance has to be 

analysed and managed to a conclusion since at the outset we don don't know the 

precise route to the outcome (Blockley and Godfrey, 2005). To handle the 
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transfer of uncertain evidence between the levels of hierarchy, a mathematical 

algorithm could be deployed. Blockley and Baldwin (1987) examine the 

applications of mass assignment theory which is itself an extension of the 

evidence theory, in dealing with two important patterns of reasoning by 

combination. The IPT (Cui and Blockley, 1990) emerged as a formal 

development of evidential theory by posing a measure of dependency: p. Inthis 

research, the author will adopt Blockley's (2006) newly developed idea through 

pair wise combinations of given evidence as a key embedment (performance 

monitoring) into the designing work. 

4.7 Towards An Integrated Performance Management Tool 

Construction performance may be improved in many different ways. The research 

described in Chapter 2 demonstrated the need to develop an integrated approach to 

managing risk and uncertainty for UK and Chinese construction practice. In Chapter 3 

the knowledge and principles needed to meet that need were set down. The systerns 

thinking needed to integrate the various sources of information and to co-ordinate 

individuals, teams and organisations, were described. 

In the next Chapter 5 the specification for an uncertainty management software tool will 
be developed. The tool will support practitioners by helping them to structure their 

thinking in a systems thinking practical way and to help them not to make errors in 

logical inference. It will enable them to access information in order to make good 
decisions. We will review PERIMETA critically as a basis for the tool and then 

synthesise the design of WISDOM. From that, in Chapter 6, we will produce JUSTISE 

as sister software to PERIMETA. 
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,! 
4.8 Conclusions 
.1 

9 Systems thinking, is the backbone theory of this thesis. It can be viewed as set of 
holistic approaches encouraging project players to broaden their horizons to join- 

up their thinking; 

4, A critical review of some existing systems thinking models has revealed that it is 

hard to combine soft and hard systems. Although hard systems thinking has been 

successful in engineering, it limits the formulation of the problem in situations 

that involves magnitude of viewpoints and consideration of social or political 

concerns. By contrast, by tackling the deficiencies of hard systems thinking, soft 

systems thinking can provide a learning of human activity systems, which can be 

conducted from people's perspectives or world views to use their models to 

question the problem situation in a formulated condition which yields further 

ideas about the models, e. g. Checkland's soft systems methodology. However, 

soft systems thinking tends to be constrained by its conceptual models that leads 

to a neglect of hard systems issues, e. g. the performance measurement, and 

measurements controlling methods; 
The recognition of a new way of systems thinking should be implemented though 

perspectives of holons, connectivity and process. There are many of ways in 

representing processes, addressing different aspects of the modelling requirements. 
The notion of process cause direct consequences of a systemic view to the 

activities. The investigations in those process modelling approaches reveals that 

systems thinking needs to be set up within a hierarchy process model that allows 

people to take a holistic view of project by looking into the heart of redefined 

process attributes (why, how, what, who, when and where) and various levels of 

structure to achieve the outputs of model. The process of hierarchical model 
decomposition establishes a new view to manage uncertainty within project 

contexts; 
The interconnectivity of processes is highly complex. Instead of attempting to 

model every link we will focus on each process and model only the local 

interactions between it and its direct neighbours. In this way influences between 
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processes not directly connected relayed through the interacting system of 

processes. This approach has been shown to work in hard systems finite element 

analysis (Agarwal, Blockley, and Woodman, 1996) and greatly simplifies the 

modelling. 
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CHAPTER5 

THE ARCHITECTURE OF THE PERFORMANCE 

MONITORING SYSTEM 

5.1 Objectives 
The objectives of this Chapter are to: 

" write a critical review of PERIMETA; 

" propose an integrated performance monitoring system - WISDOM; 

" introduce the architecture of WISDOM; 

" describe how WISDOM will work; 

41 investigate some practical limitations. 

5.2 Introduction 

In this chapter a generic framework for project management will be explored. The 

intention is to help people to understand how components designed using systems 

thinking can improve the performance of a project. The needs of project players such as 

contractors, clients and stakeholders are important and should be implemented in a 
flexible manner in order to accommodate the manner in which the 'state of affairs' 
develops. Within the framework will be a set of guidelines for implementing systems 

thinking in a software-based decision support system to be set out in the next Chapter. 

5.3 A Critical Review of PERIMETA 

5.3.1 Introduction to PERIMETA 

The overall aim of a research project CMAM (Condition Monitoring and Asset 

Management) (Hall et al, 2001) was to support decisions in infrastructure systems where 
data is sparse and not particularly reliable. The five key principles set out in Section 4.6 

of process, hierarchy, performance, KPIs and evidence were basic to the research. 
CMAM was developed into software within JavaTm running environment called 
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"PERIMETA". The name reflected the ideas that the software helps the users t et 0P 

around (PERI) and above (META) the problem to suggest perfortnance improvernents 

(Baker-Langman, 2003). There are a number of differences between the first CNjAX4 

tool and the PERIMETA tool but the overall concepts were the same. The differences 

were mostly related to new user functions. The key features of PERIMETA were 
described as follows (Hall et al, 2002a): 

*A graphical toolfor drawing hierarchical models; 

9A model manager, to navigate large models; 

*A database ofperformance indicators, which is intended to be compatible with an 
organisation's database and intranet systems; 
A library ofparameterised value functions, which can be chosen and adapted by 
the user; 
An inference enginefor implementing some developed mathematical algorithynv, 

A PDF-formattedreportingfunction. 

The new user functions of PERIMETA did improve its practicability but certain issues 

still need further attention. The major weaknesses and limitations in the design ,f 
PERIMETA will now be drawn out to form the basis of a new system. 

5.3.2 A critical accounts of the implementation of PERIMETA 

The primary purpose of a performance monitoring system is to provide facility managers 

and operators with the means to easily assess the current and historical performance of 
facility or project as a whole (Di Mauro el al, 2001). The PERIMETA interface ()tll,, 
enables users to associate a measured KPI with one or more specific processes through 
brief description. It is unable to include contextual notes and information about a KPI 

and external information about its association with a particular process and how that 
might affect other KPIs. We want to be able to explore project related problems before 

they become imminent requires. This requires the examination of a broad strean, 
information to look for different patterns that might indicate future threats through 

tangled skein of causes and implications (Doyle el al, 1997). To make full use Of the 
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measurements, a performance monitoring system must be capable of managing, archiving, 

and displaying the data for interpretation. This requires reliable and effective database 

management (Haves et al, 2006). For this purpose a reliable and usable inforrnation 

database system is crucial. A performance monitoring program works only if the project 

staffs believe the data it provides. Strong pressures to ignore the measurements develop 

if there is any indication that the data might not be reliable (Marr, 2005). Once the 

integrity of the measurements comes into question, it is very difficult to regain trust. 

Measurements must be taken with sufficient frequency to capture the unexpected 

performance at the earliest possible stage. A monitoring system should allow project 

managers to gather sufficient information to be able to provide early recognition of 

warning on problems. Relevant information should be shared and distributed to a wide 

range of project players. 

PERIMETA tends to make users to focus on the "hard" outputs of a process with less 

emphasis on "soft" inputs. A project may seem to be running on time and to budget but 

underlying problems could be overlooked by the owner of a high level process. For 

instance, project workers may feel overworked and stressed, or undervalued despite 

overall success, the workforce may be unhappy and lose motivation for work or be 

reluctant to receive future workload, even to quit their jobs. A top manager may only see 
the KPIs meeting the desired requirements, but fail to recognise deeper issues 

Trends in KPIs can be diagnosed early on in the progress of a project process allowing 

time for corrective action to be diagnosed and taken as necessary. There is no 

requirement in PERIMETA to keep data up to date. Project managers need help to 

develop ways of monitoring and managing performance of a project to ensure that it stays 

on track and makes proper progress towards its defined targets. A well-operated 

monitoring system will allow project managers to gather sufficient information to be able 

to provide early recognition of warning on problems in achieving the project's indicators 

and targets or budgets where necessary. In some cases, timely monitoring will reveal 

unforeseen obstacles or unexpected opportunities which call for a complete thinking of 

the project's assumptions and strategy. 
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When carrying out a process, project players may often deal with a large number of Kpis 

regarding time, location, people or others. A window is needed that allows users to see, 

all KPIs systematically and specifically within each process. PERIMETA does not 

categorise KPIs clearly. Consequently project players may have confused information 

about various KPIs and specific processes. Users are likely to associate KPI's incorrectly 

when the KPIs are not well-organised. Therefore, a common interface is needed to enable 
KPIs to be defined and categorised and made accessible to detailed information in a 

whole system. 

Human factors have become an increasingly recognised as an important issue in modern 

construction project management. However it is not yet well jointly integrated with 

uncertainty management (Ding et al, 2006). The measurement of performance indicators 

is a key part of the management process but data must be processed by a designated 

person. Responsibility and accountability have to be clearly identified in every process in 

the project hierarchy. Unfortunately, PERIMETA does not cover this issue. In 

construction practice many project players may be involved in a process. KPI data rnay 

need to be explicit and shared as they are derived through collective team knowledge 

(internal) or from outside sources (external). Sinclair and Zairi (1996) highlight the need 

to involve employees (process-related players) in the development of performance 

measurement. Blockley and Godfrey (2000) think that a process owner is needed for 

each process - one member may have special responsibility for the effective operation of 

the process (Allan et al, 2007). The process owner is also responsible for monitoring the 

performance of sub-processes and is accountable for delivering good performance of 

work to the higher level process. The designation of process owner thus needs to be 

clearly identified to ensure the responsibility and accountability is traceable , and 

manageable. 

In PERIMETA, KPIs are captured numerically and handled through six quantitative 

value functions which map KPI measures to Italian Flags (see Figure 5-6). The six are 
linear, stepped, convex concave, s-shaped and z-shaped functions. PERIMETA also 
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facilitates the use of linguistic statements (e. g. poor or good) to map KPIS to Italian Flags. 

It is essential that the people who choose the appropriate value function are those who are 

able to inform the decision (Baker-Langman, 2003). However, in practice, project 

players may sometimes prefer to use their own judgments to map KPI values. 

PERIMETA has no capability of dealing with time management. Time is extremely 
important for monitoring a project towards success. Although PERIMETA enables 

project players to view the vertical hierarchical relationships between all processes, it 

does not provide any insight into horizontal relationships between processes at the same 
level. This is essential for planning, scheduling and managing projects. 

A good decision support tool requires easy traceability within a good performance 

auditing system. The number of measured indicators dramatically increases when a 

process is further decomposed into a large number of sub-processes. Once a top process 
is detected as being in danger of failing (it's Italian Flag has a large amount of red) users 

cannot, in PERIMETA, trace the reasons upwards or downwards into other process that 

may be causing the problems. A good decision-support system needs an effective 

auditing device that enables users to quickly explore the major problems well before the 

project fails. 

Mathematical and logical models are becoming embedded within computer-based 
decision-support systems. One special and well-developed area of validation is to verify 
the process of testing computer programs to see that they perform as expected. However, 

verification is not concerned with the appropriateness of the relations that make up the 

model, only with whether the translation of the relationships into a computer 

representation has been done correctly (Finlay and Wilson, 1991). It is theoretically 

possible to test that a representation is correct, however, it is impracticable to verify the 

model over all possible cases. PERIMETA has been used in some academic research 

projects such as climate changes on electricity supply industry (Marashi, 2006). 

5.4 WISDOM Architecture 
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5.4.1 Design methodology 

Some examples of the use of systems thinking are organisation design, job design, 

leadership development - see http: //www. en. \, \, ikiVedia. orv,, '\Niki/'Systeins th "kin fo r 

more examples. Systems thinking can also be applied to the design of IT decision 

support software. IT systems store, process and distribute information. These may not 

only be complex in themselves but also may generate complex interactions within 

organisations, including people, structures, and processes, which may not be fully 

appreciated by some engineers (Dutta, 2003). Chekhov (2007) argues that systems work 

at two levels; the creation of software (which involves people, how they organised and 

the way they work) and the software itself These two levels interact in a working 

software system. People systems are driven by biological, social and economic factors; 

whereas software systems are driven by science and technology. Wing (2006) has 

defined 'computational thinking' as the solving of problems, the designing of systems 

and the understanding human behaviour drawn from computer science. Systems thinking 

will help to capture the interaction between the hard physical and the soft infori-nation 

flows by encouraging holistic thinking about the processes throughout the entire life 

cycle from design to implementation and operation. It can help IT designers judge a 

program not just for correctness and efficiency but for total quality. 

5.4.2 Holons in "Integrated Performance Monitoring Environment" (IPME) 

In perfon-nance monitoring systems we compare the measured performance with the 

predicted or expected perfon-nance. We need to evaluate the reasons for those differences 

to determine what they indicate about future performance. C41 (Stanton et al, 2005) 

(Command, Communication, Control and Computer, and Intelligence) encompasses both 

technical and an operational capabilities. The technical capability is the ability of 

systems, units, or forces to provide services to and accept services from other systems, 

units, or forces. It is about the connectivities in and between systems, data and file 

exchange, networking, and other communication related scenarios. The operational 

capability is the ability of systems, units, or forces to use the services so exchanged to 

enable them to operate effectively together. It is about the degree to which value is 
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derived from that technical capability. In IPME, command refers to an order or 
knowledge acquisition between users to users, or an instruction between users to web- 
based or a computer systern. 

The proposed IPME based on systerns thinking is depicted in Figure 5-1. The rnap is 

described in terms of holons. Holon I is the overall process. The systernic process 

representing the project players is holon 1-1. The project to be managed is holon 1-3. 

The systemic approach to managing project uncertainty is the WISDOM system is holon 

1-2. In general, holon 1-3 does not have direct influence but has indirect relationships 

with holon 1-2. Their relationship can be activated through project players' (holon I -I) 

activities as project players drive the needs to manage uncertainty for delivering good 

project performance. Within holon 1-2 - WISDOM is a "Dynamic Operating Model" 

(DOM) as holon 1-2-1. It interacts with a "Web-based Information System" (WIS) as 

holon 1-2-2 through the internet systern as holon 1-2-3. DOM is a decision support shell 

through which any information obtained frorn the project can be systematically managed 

and fed back to the end users. It will contain a number of project-driven decision-i-naking 

activities. It works with WIS to import and export dynamically information to DOM as 

required by the users. 

Holon I 

tim erituntic, hi hwking af the 
Pcople0c kiwis. project ploycr, ctc. ) 

liololl 1-1 

Holon 1-3 

bectling ipiltirmation. 'If /ý Xpol fing ifiltwilialion and Armigh proljcý; i4 plavers' 
de. vigning pi tot esses. eit 

providing dt . vision support parlit ipali(mKinto sY. Nlenti, 
processes 

------------------------ 
WISDOM SN'stem 11olon 1-2-1 DOM 

Holon 1-2 (Dynamic Opciating M(Ael) 
Dccisioll suppoll Shell 

Intemel-based Infimmati n Fxcliange Intennediary 
liolo 1-2-3 

I loton 1-2-2 WIS 
I 

\kcb-based Intonnation System) 

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

Figurc 5-1 (jencrahwd Map of Imcgrated Performance Monitoring Environment OPMF) 
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5.4.3 The players and stakeholders for WISDOM 

Orman (1984) proposed a three level architecture of decision support system; the interrial, 

external and conceptual levels. Each level is described in terins of systems players and 

stakeholders and requires processes to insert, delete or modify information in the systern. 

Such a perspective can be used to illustrate WISDOM and is depicted in Figur. e 5-2. 

SVSTEMS PLAYERS/ 
LEVEL STAKEHHOLDERS DECISION SUPPORT SVS'I'F-'r*l 

r------------------ ---------------- 
I [k. kigning Buildilig 
I Programmers, st-slents , pit"glellpimm" I NIT , RN 1% I INTERNAL builders - --- --- I 

-------------- Cinnmunicati, ni through vafidanrýý -------------- 
sv, ton 

DeciOon inaken. group WISDOM Ex TERNAL XIT 
leaders, process owiters ýJqljnwllla: di" I. Nom 

coninitinication 1hrough iollah, )rarivc 
A iro%i ledge management (CKA1 

Management board, 
CONCEPTUAL . ývsletmv inaintainer, 

knott-let4ge adminisirator 

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

Figure 5-2 The overview of three-lcvel architecture tbr decision support system - WISDOM 
[Source: redesignetl in basis (ý/ Orman (1984)] 

A user in the external level can achieve relevant subsets of the complete system 
(WISDOM) through the user interface. The conceptual level requires a systems approach 

by the management board, system administrators or systems designers to establish the 

relationships between the model and the external users. This is to resolve contradictions 

and detect errors; to store, update and provide all relevant infortnation to all of the 

legitimate users without compromising security and privacy. Data structures are selected 

at the internal level together with the form of the data and the required algorithms. This is 

the level at which systems builders and programmers work. The communication between 
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decision makers or project players and programmer is facilitated through a validating 
database system. 

In this chapter, we will focus only on the area enclosed by the thick dotted area of Figure 

5.2 to describe what WISDOM consists of, how it interacts with the external and 

conceptual levels and how it helps people to use systems thinking for project modelling. 
In the next chapter we will discuss on how such decision-support system is programmed 

with practical limitations, and what can be practically presented in project management 

context. 

5.4.4 The architectural components of WISDOM 

5.4.4.1 Collaborative knowledge management (CKM) 

COLLABORATIVE KNOWLEDGE MANAGEMENT 
(CKNI) 

TEAM KNOWLED(W TEAM KNOWLEDGE TFAM KNOýVLFDGE 
REPOSITORY REPOSITORY REPOSITORY 

PERSONAL WI, F[)GF IT. I(M)NAL KNOWI-F. MiF PERSONAL, KNOWI, F 
' 
DGI; 

MANAGEMENT MANA6LMENT MANAGEMEN'l 
III 
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Figure 5-3 Layout ot'collaborative knowledge management 

The key function of the collaborative knowledge management (CKM) tool in Figure 5-3 

is to inject the "fuel" (the project information and knowledge) into WISDOM. In Section 

3.6 we argued that knowledge management (KM) needs to be improved continuously 

through sharing, integrating, innovating and distributing offsite and onsite knowledge for 

collaboration. "Collaboration" refers to informal, cooperative relationships that build the 

shared vision and understanding needed for seeing linkages between processes. CKM 
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facilitates the acquisition and integration of knowledge from various sources. It needs to 
be designed to encourage integration and cooperation with other teams to build consensus, 

trust, cooperation, and sharing by a multi -functional team of experienced knowledge 

workers. Its function is to generate knowledge and project information and to transfer it 

to WIS and to interact with DOM through a number of project-driven decision-making 

processes. The key components of WIS will be discussed later in this chapter. 

Figure 5-3 shows two knowledge stores namely "personal knowledge repository" (PKR) 

and "team knowledge repository" (TKR). A personal knowledge repository is a private 

storage area for individual team members and is managed by a personal knowledge 

management system (PKM). The team knowledge repository is a group storage area 

managed by team knowledge management (TKM). 

5.4.4.2 Dynamic Operating Model (DOM) 

A) Design methodology 

The DOM is where a project team can manage risk and uncertainty through the 

measurement and monitoring of project perfon-nance indicators. It also allows the data to 

be managed at a given stage of the system. The primary purpose of DOM is to guide 

decision maker bysystems thinking methodology to implement uncertainty management 

through monitoring performance indicators in the project. 

In Figure 5-4 (next page), the DOM is shown as five stages that interact with a 

performance monitoring interface (PMI). The first stage is to develop infori-nation and 
knowledge-based portfolios prepared by CKM. Well-structured information enables 

users to model hierarchically a project by developing the necessary and sufficient sub- 

processes for a top process (Stage 2). Stage 3 involves measuring and managing key 

performance indicators. Stage 4 then creates the outputs that can be used as 
recommendations for further reviewing purposes. All critical reviews and analytical 

outcomes are collected, fon-natted and reported in a timely manner back to the users as 
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stage 5. The new project knowledge is delivered to WIS as updates. Each of these stages 

may not start until its predecessor is finished but all form a dynamic loop. 

Outside of the DOM the interactions between components are represented by different 

lines. The black dashed lines show that the user can access the WIS to find infon-nation 
for implementing the DOM. He may be indirectly contacted by the CKM to exchange 

information. The CKM enables the storing, updating, and maintaining knowledge for 

WIS (highlighted by the dashed blue line). 
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Figure 5-4 Internal and External Operation Mechanism of Central Performance Monitoring System 

B) Perfon-nance monitoring interface (PMI) 
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The primary purpose of the performance monitoring system (PMS) is to provide decision 

makers with access to the progress of performance in a project lifecycle. However 

progress is uncertain with future risks. For a construction project PMS could be part of a 

risk management strategy. Performance indicators are measures of project impacts, 

outcomes, outputs, and inputs used to assess progress toward project objectives. They can 

provide project players with warnings about processes which may be going in trouble. 

Indicators however need a framework into which the information can be categorised. 
Blockley and Godfrey (2000) use the concept of "six honest serving men" (Kipling, 1902) 

to give new definitions for process attributes, which are "What, Why, When, How, 

Where and Who". These six attributes are used in a "performance monitoring interface" 

which works only if the project players believe in the integrity of the information it 

provides. The measurements may not be used if there is any indication that the 

information might not be reliable or usable. Thus, a performance monitoring interface 

should work with inputs from a web-based information knowledge system (to be 

discussed later) to ensure the dependability of acquired information. Information is 

dynamic and so must be evaluated in a timely manner so project players can make up-to- 
date decisions about changes. The interface is so named because it can be used to access 

measure and monitor performance. Within the interface, "why" is regarded as the driver 

of the process, the potential that creates the change, and the pressure that causes the now 

(Blockley and Godfrey, 2000). Each process is driven by its own purpose, needs, targets 

or vision. The "why" questions imply doing things for the right reasons. Thus, "why- 

needs to be put in first place. In a project many of the KPIs belong to "Whae' category 

since this represents the 'fiorm, state, transformation and meta-system" (Blockley and 
Godfrey, 2000). However "what" needs to be clearly distinguished from other attributes 
because of possible misunderstandings. "What" is about getting te right information for 

right things. Time parameters (e. g. the scheduled duration of project) are "hard" KpIs, 

allocated into "when". As well as the process owner, various players take roles in the 

work of a process. The "who" category contains appropriate details and makes clear 
which players have which roles i. e. the right people are assigned to the right Position. 
All processes will be enacted at a location or locations and in a certain context. The 
"where" category describes how the work of the process is implemented in the right Place 
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r context. Likewise, the "when" poses a question for the management of time. It T 

, provides people time parameters to ensure achieving the task at the right time. These can 

De found through a critical path analysis. The "how" category is the operator which is the 

method by which, who, what, where and when are transformed and changed through the 

P the input state to an output state (Blockley and Godfrey, 2000). These 

at n utes o not exist alone they should be viewed and operated as a whole. So a 

weighting system is embedded into the interface to ensure each attribute in a process is 

given an appropriate importance figure. In PERIMETA the KPIs are not categorised, in 

.,, this way and so are not see easily managed. 

Stages of DOM 

1ý Preparing information and knowledge-basedportfolios 

Project portfolios are a collection of projects grouped together to facilitate effective 

management to meet strategic business objectives (www. pmLorg). A well-prepared 

project portfolio is driven by well defined project objectives to prioritise information 

from WIS. The main goal of portfolio management is the strategic balancing of project 
information to align it with the organisation's strategies in technology, market, and 
business (Cooper, 200 1). This is supported by the CKM to capture any variation that may 

occur in performance indicators in variety of types such as diagrams or documents. 

Modelling project processes in hierarchy 

A key feature of the DOM is the hierarchical modelling that allows project players to 

view the relationships between the project processes as a whole. The user will 
hierarchically model a project into processes by referring to the project portfolio. Each 

process is described in terms of its constituent processes, each of which is further 

described in terms of its constituent processes. The process owner is responsible for 

ensuring that the project work has been properly and thoroughly decomposed into a 

number of complete and logic processes and no critical processes are overlooked. 

Measuring KPIs 
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Bititci el al (1997) state that performance measurement is an infon-nation system which 

should integrate all relevant information. These include strategy development and review, 

management accounting, management by objectives, non-financial perfon-nance 

measures- informal, non-financial performance measures - forrnal, incentive/bonus 

scheme, personal appraisal and review. Performance indicators can take vanous forms, 

from physical measurements to the linguistic judgments of those reporting on the 

condition and performance. The PMI directs project players to categorise KPIs into the 

fields of "Why, How, What, Who, When, Where". The "why, how and where" KPIs are 

relatively easily captured. The measures of "when" include the appropriate time-related 

measures important for the success of a given process. For example values can be 

derived from a critical path analysis. 
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The "who" categories can be divided into three groups. These are project participants: 

project tearn, clients, and stakeholders. The CMAM research measured the performance 

score of the "what" KPIs through six value functions shown in Figure 5-5. Linguistic 

function shown in Figure 5-6 were also used for softer KPls. 

These functions were developed as shown in Figure 5-7 to produce Italian Flags. So 

instead of a one-to-one mapping, a particular PI value translates into an interval 

probability score. In PERIMETA only these functions can be used to assess the evidence 

of the state of a KPI. In practice project players may need the flexibility to input 

evidence values directly. 
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Figure 5-7 Example of perforniance values with objecting values on Italian flag 

Producing and maintaining ana4l, lical outputs 
The results frorn the individual KPIs need to be combined for each process. If the KPIs 

have different levels of importance then they can be assigned weightings. The combined 

weighted values are propagated upwards. The pair-wise combination algorithm (see 

Chapter 3) is used to combine Italian Flags. It is also useful for players to record 

comments or reviews. 

Reporting 

YU CHEN 
DEPARTMENT OF UIVII. I-N(iINFI-. R]N(i, UNIVERSITY OF BRISTOL 



CHAPTER 5- THE ARCHITECTURE OF THE PERFORMANCE MONITORING SYSTEM 

This last reporting stage is critical because it enables a link to update information through 

CKM to WIS. Information regarding the whole project (including project hierarchy, 

inputs, process, measuring data, combined data, propagated values, propagated data, 

comments and etc. ) needs to be compiled and formatted for a report. The reporting 

formats can be various such as paper-based, e. g. PDF formatted report; and e-file, e. g 
XML or data source. The paper-based report format is most commonly used because it is 

handy and easy to distribute. However a big project may contain many hundreds of sub- 

processes as well as thousands of KPIs. A paper-based report is inefficient so an e-file 

may be preferred as it is easily restorable, editable and transferable through the internet. ' 

5.4.4.3Web-based information system (WIS) 

A) Design strategy 

Although the DOM can be used as a decision support shell it cannot generate any data 

without an input of information from outside. In another word, a decision support tool 

needs to be externally supported by an information exchange base. The World Wide 

Web has established access that transcends geographic boundaries (e. g. Graham et al, 
1999; Arain and Pheng, 2006). Data warehousing is a new technology evolved in the last 

decade. Inmon (1993) defines a data warehouse as a subject oriented, integrated, non- 

volatile, and time variant collection of data in support of management decision. The 

intention is to provide all users in an organisation with timely access to whatever level of 
information is needed. Essentially, a data warehouse collects all of the relevant data into 

one central system, organises the data efficiently so it is consistent and easy to retrieve, 
keeps previous data for historical analysis, and enables access to and use of data 

conveniently so that users can do it themselves (Corey et al, 1998). However little 

attention has been given to a project-oriented view for all project players to share, view 

and utilise information, and to monitor performance for construction project via a web- 
based information access. 

WIS is an information/knowledge support base for DOM. Knowledge in this system can 
be mainly expressed as types of performance indicators being further supported by 

information, diagrams, system models, documents in a large variety of forms. A well- 
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established knowledge-feeding system should gain its popularity in project as project 

players realise the benefits of having a central database for supporting efficient 

management functions. 

The WIS should contain four main features. Firstly it should ensure the effectiveness of 
technical solutions. This is complex because the operational environment in which 

effective performance monitoring is implemented is an evolving target (Marr, 2005). If 

professionals could use a knowledge system based on past similar projects it would assist 

them to plan more effectively before starting a project, during the design phase as well as 
during the construction phase (Arain and Pheng, 2006). Thus knowledge regarding any 

performance indicators and their relevant information (i. e. project hierarchy) on past 

projects needs be populated and stored in the database in as much detail as possible for 

future monitoring work. Secondly, the variations on KPIs should be monitored. This is 

because the fundamental idea of any management system is to anticipate, recognise, 

evaluate, resolve, control, document, and learn from past variations in ways that support 

the overall viability of the project (Ibbs et al, 2001, Arain and Low, 2005b). The project 

players can learn from the variations (Sweetman, 1990). This will help them to taking 

proactive measures to reduce variations. Often a decision is made before another new 

alteration occurs. To avoid that and ensure timely communications, we need to create an 

external response to DOM to update the project portfolio and send an order to PMI for re- 

measuring some KPIs. This will create a dynamic loop for performance monitoring 

which never stops. Thirdly, a web-based information system acts together with a 
decision support shell (DOM). Fourthly, a decision-support system must be tested in 

practice and be validated. PERIMETA does not have a validating system. The proposed 

system must contain a joined-up validating system that can be amended and developed 

through suggestions from user experience in practice. 

B) What does WIS contain and how does it work? 

WIS (Figure 5-8) can be used by decision makers (project players) to help make more 

well supported decisions regarding management of uncertainties in projects via access to 
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historical and concurrent knowledge systems. This would eventually assist professionals 
in improving project performance as the variation can be identified and managed at the 

early stage of design where the impact of variation is not severe, and seeking the 

comparisons between concurrent data with historical infori-nation would contribute more 

references to decision-making. It is noted that all knowledge in WIS needs to be well 

maintained and updated before DOM is activated. 
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Figure 5-9 Operating Mechanism between WIS and DOM and Key Components of WIS 

Principally speaking, WIS runs by being fed with project knowledge from users (project 

players) and exporting processed information back to users via the DOM shell. In 

accordance with the four features as early discussed, WIS consists of two parts split by a 
functional boundary into firstly a Validating Database System (VDS) (to be discussed 
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later in this chapter), and secondly a combinative system containing Concurrent 

Knowledge System (CKS) and Historical Knowledge System (HKS). 

The operation rnechanism between CKS and HKS is presented in Figure 5-8 and 

described as follows. The knowledge base within CKS and HKS is similar and 

compatible. The knowledge repository of CKS receives both concurrent input from the 

end user and knowledge support from HKS, while HKS only receives knowledge 

updating from CKM and feeds information as required by CKS. CKS acts as a central 

project information processor until a project is finished. CKS is concurrently supported 

with knowledge by HKS. The exchange between CKS and HKS will be activated 

through index structures by the iqlbrination exchange engine (IEE). The CKS delivers 

relevant information through the it? ft)i-inalion it? Pi-ence engine (IIE) as required by the 

DOM. The IEE and HE are designed by a number of enabling IT techniques for 

categorising information by types; sieving information by rules; capturing the variations, 

calculating data of time, cost and frequency of variation and variation impact; and 

maintaining tools. All processed information through CKS will finally be fed back to the 

user. The CKM will generate infon-nation updates in HKS after either a project is 

finished or any new information is generated. 

C) Concurrent Knowledge Systern (CKS) 

The concurrent project inforniation is based on the recent survey of organisations 
involved in private finance initiative projects where the live capture of knowledge is 

noted as crucial by 76% of construction organisations and 70% of client organisations 
(Whetherill et al, 2002; Robinson et a/, 2004). Some users are currently remote from the 

problems experienced in the field by operational engineers (Wong el al, 2006). Although 

KPIs have become much more important in managing uncertainty, sadly there does not 

seem to be a well-designed architecture for managing KPI information that works 

together with decision support tool via web-based approach. 

In Figure 5-9 the CKS is a KPI-driven infon-nation layout to manage performance. It 

consists of three layers: Abstract, Inforination and Variation Registration. The user 
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interface allows the users to access, edit, modify, add, and view the infori-nation displayed 

in any segment of CKS. 
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CKS attempts to capture all project information in a live manner. It is implemented by 

CKM from the various learning situations (e. g. questionnaire and survey, meetings and 

reviews, data from sourced documents of past similar projects, II interviews with experts) to 

catch the variations of KPIs. The information captured is deemed to have been validated 

and been shared within the project team. This is because the capture of infori-nation in 

project (e. g. reviews or meetings) should have involved some proper discussions and 

critical reviews, which can be regarded as validation. Any Infori-nation or data derived 

frorn contractual issues, or other project-bounded documents would be sieved, calculated 

and categorised into a framed information layout (first layer), which consists of. process 
identifications (process ID), process players (Who), location or context (Where), project 
background or objectives (Why), project schedule (When), general description of tasks 

(What) and definition of methods (How). It provides project players with a centralised 
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view of all KPIs generated so far. The HE manages the information through the first 

layer to second layer for retrieving detailed information in respect with each KPI, and 

sorting it out for the second layer. Through this layer, people may have access to more 
infort-nation related to a given KPI to be measured, e. g. the detailed descriptions of a 

given process, or a project player. As a project evolves, variations however may occur in 

some KPIs. Once variation is detected in a KPI it will be captured at the third layer. This 

layer contains: descriptions of variations, influences attributes, tirne parameters, impact 

valuation and variation observer. In this layer, users can be informed of the occurrence 

of variation to enable thern to manage their KPIs and update their judgments. 

As soon as any variation occurs, CKS can trigger a process owner-focused control over 

the KPIs. Each process has to be managed by an assigned process owner who is 

responsible for decisions relating to the ineasuring, managing and monitoring of all KPIs 

within his process. 
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Figure 5-10 The descriptions on single and multiple control by process owners towards KP Is within proJect hierarchy 

This is dernonstrated in Figure 5-10. Mode I shows the situation where one process is 

being monitored by another process that is located in the upper level of hierarchy (Single 
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Monitoring). In this circumstance, process owner I is responsible for monitoring the 

performance delivered by process owner 2 and 3, at the meanwhile, he has to control over 

all KPIs (1,2, and 3) in his own process. Once a variation occurs in KPI (No. 4), it needs 

to be reported by process owner 2 through the red line upwards to its upper process 

owners who need to take account of such variation to detennine if there is need to re- 

evaluate KPIs or other methods to be taken in his own process (Multiple Monitoring). 

Although the variations may not directly influence the measurements of KPIs in other 

process within the same level, it may bring some hints to other process owner(s) (i. e. 

process owner 3) to consider if there are any methods to be taken to mitigate the negative 

effect the variation in KPI 4 of process 2 may cause or others. This is because process 

owners 2 and 3 are accountable for delivering good perfon-nance to process owner 1. 

The red line shows that the reporting will go through two processes being monitored by 

two process owners. Similar to mode 2, any considerations on re-measuring performance 

in process with respect to variation will be taken by linked process owners in upper levels. 

The need of a clear recognition of responsibility and accountability throughout the project 
hierarchy is thereby addressed. 

D) Historical Knowledge System (HKS) 

HKS acts to provide CKS knowledge as a project is being implernented. Its storage 

capacity is much larger than CKS. It contains a number of data libraries including expert, 

model, past project etc. The difference from CKS is that HKS does not directly 

communicate with the user, but interacts with the CKM to generate innovations, 

suggestions, alternatives, and news. 

The use of past experiences and previously acquired knowledge, either from designer's 

own experience or from resources within their organisation, forins an important part of 
the design process (Wong el al, 2006). To this end, knowledge compilation is critical to 
the development of HKS. This knowledge compilation is carried out in four steps: 

creation, mapping, delivery and sorting (Figure 5-11). The first two steps are undertaken 
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within the CKM the other two go through the web and are entirely implemented by the 

knowledge administrator within an IT-based HKS. 

Project Practitioners Knowledge Administrator 

Creation Mapping Delivering --m,. Sorting 

Collabot-ative KnowledgeNfanagernent Historical Knowledge SYstein IfOrk 

Figure 5-11 Four steps of knowledge compilation for HKS 

Knowledge creation is done by collecting knowledge ranging over corporate strategies, 

market analysis, business plans, performance measurements, risk analysis, Inspection 

reports, project live reviews etc. Knowledge mapping involves creating an ontology, 

which is aspecýficafion qfa conceptualisation (Grubber, 1993). A cornmon ontology is 
defined by the vocabulary with which requirernents and assertions are exchanged 

between agents (people or software or other systems). The ontology sets out all the 

entities (objects and concepts) that we are interested in and their relationships. These 

pragmatic definitions relate to the terrns actually in use and which are useful in problern- 

solving. Knowledge mapping is a tool that does not go deeply into philosophical vision 

of the fundamental entities (Wong et al, 2006), and whose quality is entirely dependent 

on its usefulness. Its main steps are Horn's mapping for complex social inesses (1998, 

2001) or Grey's principles of knowledge mapping (1999). Knowledge delivering is to 

import knowledge into a pre-constructed knowledge base (HKS). Delivery can be 

realised through knowledge administrator's activities to load all "desk" 

docurnents/informat ion into HKS via a designed control panel that is shown on a 

webpage or activated through an IT gateway. It is followed by knowledge sorting, which 

aims at categorising information into different infori-nation repositories for completion of 
knowledge compilation. The operation of these steps is a continuous job, and 

concurrently encouraged by CKM. 
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Taking an integrated view of architectural components can help to facilitate our 

understanding between information and different system players in WISDOM 

environment. It will enable project teams to manage better the subsequent phases of a 

project; to better plan future projects, and to collaborate better with other organisations 

through the capture and transfer of leaming from a previous phase or projects; to prevent 
loss of information due to time lapses in capturing the information; to promote the value 

of reusing the knowledge captured through live reuse; to enable the information or 

project knowledge to be disseminated in a timely manner before the opportunities for 

reusing the information disappears; to promote a project-oriented collaborative effort to 

capture learning about project implementation; and to provide users with a richer 

approach to managing performance and hence managing uncertainty. 

E) Design of a joined-up "validating database system" (VDS) 

Design methodology 

Investigations into a number of aspects of validation have found that validation in 

engineering or business must be restructured in order to become useful and usable (Finlay 

and Wilson, 199 1). 

After restructuring the manager's and modeller's worlds (Finlay and Wilson, 199 1), the 

author draws up the map (Figure 5-12) to demonstrate the evolving procedures from 

original design of modelling problems to a developed model. The ultimate purpose of 
developing WISDOM is to provide people with a process-led and KPI-driven approach to 

managing uncertainty. The logical model, data model and calculation model can be 

validated through analytical and synoptic work (Finlay and Wilson, 199 1). By checking 

each part of the model and investigating that an acceptable output is achieved for each of 

a set of inputs and an integrated model performance can be checked. 

As WISDOM is developed based on the fundamentals of PERIMETA then the core 
"ingredients" (e. g. modelling concept, mathematical algorithm, etc. ) in PERIMETA have 

been tested in theory and practice. Although many of features remained the same in 
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WISDOM, it still needs to be validated because it is designed as a conceptual model to 

incorporate a number of new ideas that have to be validated appropriately. 

Scenario 
(Project 

Management) 

a 

r 
Proble-mmý 
(mariaglmng 

Portion to be) 
managed and 

modelled 
(KPIs. 

proces5es, etc. ) 

Practical Context 

Developed 
Model 

Expe 

Logical Model 
(Project hierarchy, etc. ) 

Data Model 
ntations of information 

Calculation Model (ý! 
(IPT, GNB. etc. ) 

Theoretical 
Validation Integrated Model 

-- Jim (Juniper, PERIMETA or 
WISDOM) 

Theoretical Context 

Figure 5-12 The Evolution of A Developed Model 
(Source: restructured based on F inlay and Wilson, 1991) 

How does VDS work? 

WISDOM needs to be tested in practice to validate it. Figure 5-13 depicts another 

systemic component of WIS called the Validating Database System (VDS). It does not 

work with CKS and HKS, but serves to develop the functionalities and architecture of 
WISDOM by enabling a web-based communication channel with system users. 

Validation can be carried out by a series of group discussions held with industrial and 

commercial clients for whom DSS or related specialist projects had been implemented 

(Finlay and Wilson, 1987). Di Mauro (2001) argues that the design, administration and 
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the evolution of DSS are critical aspects that cannot be solved univocally, which have to 

be consistent with the users' practical requirements. 

-------------------------------- 
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Figure 5-13 Operating mechanism of Validating Database System (VDS) in WISDOM 

It is thus envisaged that WISDOM can be also validated through a web-based system that 

calls for a participatory approach to implernenting WISDOM prototype by a number of 
proxies for policy and decision makers, and stakeholders from construction industry. The 

experiences and feedback from the application of WISDOM can be collected and 
analysed via web-based system. One of the most cost-effective ways is to establish an 
online workshop that is open to all WISDOM users to access and feed information 

through VDS. The workshop can be carried out via web pages by acquiring users' 

experience of implementing WISDOM. All infon-nation collected and stored in the 

validating database could self-generate a MS Excel- fon-natted report in detail for the 
purpose of future system development. 

5.5 Practical Limitations 

The IPME is a way of integrating the system into a single whole. WISDOM relies 
heavily on Information Technology. It is still in its infancy and needs to be further 

YU CHEN 
DEPARTMENT OF CIVIL ENGINEERING, UNIVERSITY OF 13RIS I ()I 



CHAPTER 5- THE ARCHITECTURE OF THE PERFORMANCE MONITORING SYSTEM 

developed to meet more practical requirements. WIS is designed to act as a key 

information receiver and transmitter, but under the current research situation its key 

functionalities mainly served by CKS and HKS are limited in several ways. 

Firstly, based on the levels of Figure 5-2, external level users may implement WISDOM 

for their own management purposes. However, having the same person as the system 

administrator for the conceptual level and as system builder or programmer for the 

internal level could create difficulties since the roles require different skills. In this 

research the author is building the system at the same time as improving it using the 

users' feedbacks. 

Secondly, the information database system requires more advanced infori-nation 

technology for importing, exporting and storing information. However, unlike many 

other application systems, an organisation cannot simply buy a database off the shelf. 
Further design of WIS is needed to ensure that the information database systern can be 

shared and updated by a number of organisations. It needs to address the nature of the 

organisation and meet orgamsational business objectives so that the data to be captured 
from the database will reflect what is available and what will be needed by each company. 

Thirdly, as a part of WIS, a historical knowledge base should be interdisciplinary friendly. 

The different training of project practitioners means that they focus on their jobs and 

acquire infori-nation support quite differently. For instance, material suppliers may be 

concerned with infori-nation oil the fluctuating price of raw materials whereas a 

construction contractor may be more concerned with the time of delivery of material to 

ensure their work can be done as scheduled. The information database needs to be as 

comprehensive and interdisciplinary as possible to serve different users' infori-nation 

needs. 

Fourthly, constructing a IT-based knowledge base is time-consuming. A well-structured 

database may serve information support to project player and can be updated after 
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completion of project. Nevertheless, at the beginning of the construction of database a 
huge amount of data is required at the beginning. 

Fifthly, as Thoben and Weber (1999) point out, information sharing can only be 

successful if legal issues are respected and handled. One of the key legal issues is 

confidentiality. This has to be emphasised since some of project participants may not be 

willing to share historical data or experience with others unless they hold the long-terni 

relationship. Bad historical records may greatly impair their market competitiveness and 

corporate image once being released to public. 

Finally, maintaining a database is costly. Due to the hard and soft facilities of IT, a 
database needs to be maintained by a group of people who are responsible for monitoring 

the IT systems. For instance, as data capacity increases, the systems need to be upgraded 

to meet a bigger capacity of storage; correspondingly the compatible managing software 

on systems needs to be developed. 

Future developments in WISDOM will have to tackle these practical limitations. Most of 
the project players are more concerned with how to use information to measure 

performance for exploring and managing uncertainties, rather than establish a sharable, 

enriched and joint information database in some circumstances. WIS can be viewed as a 
future strategy for the development of an advanced performance monitoring system. In 

practice, the major functionalities of WIS can be however replaced by a number of 
manual inputs from users. We can thus assume that during the project, each systern 

modeller will hold: an active and well-organised communication channel. This needs to 
be established between the system modeller and the construction practitioners to 

encourage the receipt of supports through CKM. Each user needs to be notified with the 

occurrences and variations of KPIs during the project and be able to make any 

amendments as necessary. The other is a well-structured historical database, which can 
be either existing paper-based documents or an accessible database system. This is to 

replace the work to be done by HKS. 
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5.6 Conclusions 

A critical review of PERIMETA, finds that it is lacking for use in performance 

monitoring in many of aspects. One example is the lack of a validating system. 
There is thus a need to develop a new integrated performance monitoring 
framework that provides people with a more effective way of managing 

uncertainty. 

"Integrated Performance Monitoring Environment" (IPME) enables a new shift of 

understanding of problem situation, decomposing the complex system to its sub- 

systems and sub-processes, identifying process objectives and criteria, addressing 

process attributes. WISDOM has been proposed as a blueprint to conceptualise 

the integration of web-based information system (WIS) with a decision support 

shell (DOM). 

e The design of WISDOM reveals that project information (i. e. KPIs) can be 

dynamically imported, exported, stored, and utilised through WISDOM to the 

users within a web-based environment. The aim of WISDOM is to encourage the 

collaborative knowledge management by all project players. It also enables a live 

and effective management of uncertainty by looking at the concurrent exchange 

of information between concurrent knowledge system (CKS) and historical 

knowledge system (IIKS), monitoring the variations on KPIs within the same 

systemic entity, and addressing the owner of each process. WISDOM will have a 

joined-up validating data system (VDS) through which all feedback on its 

application could be collected and analysed for further system development; 

Several practical limitations constraining the full use of WISDOM have been 

explored such as multiple IT skills, legal issues, people activities, cost and time 

issues, interdisciplinary constrains of knowledge base. These however can be 

avoided in practice by firstly developing DOM in its rudimentary form. Most 

project practitioners are keen to see if the designed system really works to manage 

uncertainty before investing too much without experiments. Apart from VDS, 

WIS can be viewed as a future concept for the enriching of existing performance 

monitoring systems; 
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The design of WISDOM has led to a rethinking of current experience of 
developing decision support system (DSS), and brings together a range of systenis 
thinking, knowledge and enabling technologies in order to provide a step fo rward 
in providing systems solutions to complex problems in engineering practice. - 
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CHAPTER 6 

JUSTISE AND WISDOMCATCHER. COM 

6.10bjectives 

The objectives in this chapter are to: 

investigate the main features of JUSTISE; 

" state the range of its application and potential users; 
" explain the layout of JUSTISE data structure; 
" describe the design of the user interface; 

" address the key functional features of JUSTISE; 

" introduce WISDOMCATHER. COM; 

0 explore how it works in practice. 

6.2 Introduction 

JUSTISE is a decision-support tool for "Joined-Up Systems Thinking for Integration and 
Synergy in Engineering". It is an attempt to realise a "systems-thinking" methodology 
for managing uncertainty within engineering practice through integrating software. 
JUSTISE has been written as sister software to "PERIMETA" (V2.0). It is based on the 

PERIMETA interface but has extra functions and improved controls with a number of 

new add-ins. The core of JUSTISE is programmed in JAVA TM language and the whole 
system runs within JAVA Running Environment QRE) on Microsoft Windows OS. its 

subsidiary components are programmed in C# and VB, in "Project Tools". The installer 

and the relevant source codes are recorded in CD-based folder as appendix III. 

The software has undergone a series of developments since its first version (JUSTISE 1.0) 

was written in 2005. The ultimate objective of JUSTISE is to realise WISDOM through 

activities within the internal level discussed in section 5.4.3. 

6.3 Range of Applications of JUSTISE 
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JUSTISE can be used for the following: 

Business Modelling 

Modelling and simulation is an essential part of modem business management. The 

management of uncertainty requires an advanced approach to the modelling and 
simulating of practical cases to examine corporate and project performance. The past and 
present circumstances can be examined but the future is difficult to predict. Modellifig 

business processes using JUSTISE provides a hierarchical perspective to allow people to 
test ideas and concepts in a future virtual context where mistakes are inexpensive and can 
be found and amended in a timely manner. Users are able to clarify the uncertainties- 

risks and rewards of pursuing actions by comparing alternatives modelled within the 
JUSTISE environment. A good example of practical use of JUSTISE was the research ()f 
Omar Hashim (2007) in doing contracting differently. 

Engineering Project Simulation 

JUSTISE provides a process-driven view of a project to support decision-making. It 

enables players to integrate modelling techniques for important decisions. It can help to 

make the best use of resources (people, cost, time or others) by simplifying or adjusting 

relationships and encouraging the sharing of information where appropriate. it can 
improve the accuracy of project models by allowing different users to decompose the 

modelling between individuals with specific domain knowledge, and capture expert 
knowledge about processes. It facilitates the clear assignment of a specific person tO 

manage or audit the outcomes of each process or task. In JUSTISE an engineering 

project can be structured into a number of interacting processes the success of which will 
directly or indirectly affect the success of project. A good example (Renda, 2008) is 

assessing the safeguardability of innovative nuclear energy systems. It has been done 
from a holistic point of view by applying the "systems thinking" approach within 
JUSTISE modelling to capture and propagate the evidence for and against the 

safeguardability of a nuclear energy system. 

Collahorative Modelling 
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JUSTISE enables collaborative knowledge management by helping many project players 
to form a joint understanding of the way that uncertainty, risk and opportunities are 

manifested in real-time. Users can build up large-scale distributed models by integrating 

together smaller component process models built independently. Users can model facets 

of a business or project in a way that is most useful and the system ensures that these 

models will work as component in a collaborative model. Moreover, different levels 

shown on JUSTISE interface can be considered at different levels within organisation to 
help people to see the whole as the big picture. It is essential to keep watch on those 

seemingly insignificant changes appearing down at the bottom of the hierarchy in case 
they suddenly increase in importance (Allan et al, 2007). Getting all of the component 

models to work together when they are built by different people with different objectives 
is complex. 

Quality management by improving performance monitoring practice 
JUSTISE facilitates a rich way of monitoring project performance by collecting, 

measuring and maintaining performance-related information within an integrated setting. 
Information can be managed in JUSTISE to ensure that the chance of missing something 
important is minimised. It enables users to take an in-depth look into KPIs. It is an 

effective toot for combining performance monitoring and uncertainty management to 
help people produce best quality (functional ities, time, cost etc. ). Omar Hashim (2007) 

has used JUSTISE to help implement quality management within a civil engineering 

contracting company. 

Collaborative Validation 
JUSTISE is expected to be a more powerful toolkit for managing uncertainty when it is 

applied into processes requiring continuous improvement. Users will fill in an online 

questionnaire through which data about the users experience can be collected, stored and 

analysed. It facilitates a collaborative effort through the building up of an external 

environment for different users to give important suggestions and criticisms to the author 
for its further improvement. More details will be given in the following sections on 
WISDOMCATCHER. com. 
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6.4 Diversity of Users 

JUSTISE is a means for rcalising a systems-thinking methodology. The variety of its 

possible applications means that it should appeal to a diverse range of users. 
. 
The 

research of this thesis is sponsored by SCG to find an effective approach for managing 

uncertainty in Chinese civil engineering practice. The preliminary research set out in 
Chapter 2 has revealed that in China the majority of risk is taken by construction 

contractors. This has demonstrated the importance of uncertainty management of 
projects by contractors. JUSTISE can be used by construction contractors to explore 

uncertainty by monitoring project performance. From the client's perspective JUSTISE 

can help people gain a holistic view. It will help detect the "Weakest link" within the cost 
control of a project and to predict and control the success of whole project. It can also be 

used by project management team to monitor project performance and coordinate the 

relationships between project players. From a wider perspective JUSTISE may be 
helpful to policy makers, governmental sector authorities to explore possibilities. Because 

JUSTISE is new it needs to be implemented and reviewed by academics,, project 

management professionals, and software engineers with feedback suggestions as to how 
it may be improved. 

6.5 Layout of Data Structure 

The computer science technology on which JUSTISE is based will not be presented Ilere 
in detail. However a general description follows of the internal data modules of the 
JUSTISE framework, and how the data flows are realised within the JUSTISE 

environment. Figure 6-1 shows the ten key data modules and their different functions 

which are activated user commands. 
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JUSTISE 

I JAVA RUNNING ENVIRONMENT (JRE) I 

PROJECT 
MODEL DATA TOOLS/TOOLS 

UTILITY 

ACTION/LISTENER III ALGORITHMS III IMAGES 

OTHERS 
VIEW SECURITY EVENT 

Figure 6-1 Layout of Data module structure in JUSTISE 

For example, "Algorithms" provides the functionality of the mathematical calculations. 
It calculates dependency and acts as a data processor for propagating evidence values 
from child process(es) into parent process(es) using a selected algorithm. The details on 
internal data flow controls are designed on principles from CMAM. A number of 

changes are included into each data module and their internal message responses by three 
"Object Diagrams" on PI and Property Boxes (Figure 6-2), Calculation Design (Figure 

6-3), and Aspect of Performance Design (Figure 6-4). For easy tracing changes and 

updating in PERIMETA by different computer programmers, the source codes still has 

the majority of code titles in PERIMETA. Some however have been changed. For 

example, "FOW in PERIMETA represents the 'figure of merit" but its new 

representation on JUSTISE interface has been replaced by "Evidence" which keeps three 
inputs: local, propagated and combined values. This is because JUSTISE provides much 

more detailed treatment of attributes than PERIMETA. JUSTISE is very different from 

PERIMETA in the way it defines the measurements on KPIs. Some descriptions in 

PERIMETA are no longer appropriate for use in JUSTISE. 
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Figure 6-2 presents the internal data flows of the performance indicators and property 

boxes, whose actual realisation on JUSTISE interface will be discussed in 6.5. For 

example, the "CMProcessPB - CM process property box" creates the structure of 
infon-nation in the property pane of the JUSTISE user interface. Measuring performance 

is shown in Figure 6-3, where each component within a calculation pack contributes to 

the final output for each process. The way evidence propagates depends on which 

calculation algorithm is selected. Figure 6-4, shows that the aspect of process and link 

are respectively generated by process and link data models. The aspect of process can be 

manifested in a number of parts, e. g. "what" for PI list and a "Who list". 
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Figure 6-4 Object Diagram of Aspect of Performance in JUSTISF. 
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6.6 Design of User Interface 

Figure 6-5 shows how the software user interface can be split into four different 

panes. These are: key control pane (KCP), main pane, directory pane, and 

properties pane. To avoid confusion through overlapping JUSTISE pages being 

used at the same time, JUSTISE is currently constrained to display only one project 

monitoring page at a time. 

Key control pane (KCP) 

The KCP contains key control icons that are used to execute user's command when 

clicked. It contains a lower "Tool Bar" and an upper "Menu Bar". The design of 

the KCP holds three major differences from PERIMETA with new functional keys 

in Figure 6-5 which are highlighted in red. First, a "head" icon is used to launch the 

"Who" list with respect to the process players shown in the "Who" tab of the 

properties pane. Second, "Project Tool" was embedded into the top panel. it 

activates time management within the JUSTISE domain which will be discussed 

later. Third, a "bug" icon is located in the end of bar. This is a crucial functional 

key that enables users to launch an auditing checklist to trace which is the "worst" 

process i. e. is the most likely to fail and has the biggest amount of red in the Italian 

Flag. In this way users are able to trace down/up to the process, and explore the 

details of KPIs that may be failing. 

Main pane 

The main pane acts as a drawing board where a project hierarchy can be created. 

For a project model the pane displays all of the processes as a whole but can zoom 

into detailed groups of processes. Only on this pane can the logical relationships 

between processes at different levels be established. The mathematical details can 

be input and visualised. An overall view of project processes and their relationships 

are shown through the numeric values of red, white, green and values of the Italian 

Flags of evidence at a given time. In addition, by clicking the "view" and "head" 
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icons the main pane can be inter-switched to display table of KPIs and table of 

project players ("Who List"). 

Directory pane 

This pane shows the main graph of processes as a hierarchical tree. It is a subsidiary 

function within the main pane by displaying the internal relationships between 

different processes. When faced with a large number of processes the user can 

create a short-cut to investigate a specific process by clicking on the process name in 

this pane. 

Properties pane 

This is perhaps the most important pane and contains one of the more distinctive 

changes from PERIMETA. As discussed in DOM (Chapter 5), the "Six honest 

serving men" have been used as categories for process attributes. They are "What, 

Why, When, How, Where and Who" and have been included into the design of the 

properties pane. They are displayed as six control tabs in a row on the pane. The 

pane shows the details of each process and links by clicking "Node", "Why", "How5g, 

"What", "Who", "When", "Where", "Overall weighting", "Commentary of Process", 

"Review Comments", and "How Flag Combined". The summary details of the 

whole model can be shown in "properties pane" by clicking on the background in 

64main pane". The "Node" tab displays the basic information and description ()f 

process. More importantly, it shows on the right-hand side the evidence bars that 

represent local, propagated and combined evidence. The user cannot directly 

change the evidence values on the bar but can adjust the weighting values for overall 

combination of local and propagated evidence values. 
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Figure 6-6 Design of "Why" tab 

In the "Why" tab (Figure 6-6), the evidence value is a measure of the dependability 

that the purposes, objectives or success criteria are appropriate for the task. 

Comments can be written below. Method statements can be written into the 'How' 

field with links to additional documents as required. 
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The "What" tab (Figure 6-7) should be viewed together with the KPIs list by 

clicking "View" tab on KCP. Each of the measured KPIs will be associated with 

selected process and shown in the "What" field. They can be removed, amended 

and associated with different processes. The user must assign a weighting for each 

associated KPI to provide the combined evidence value shown on top Of the 

properties pane. 
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Figure 6-8 Design of-Who-tab and "Who list" 

Process Ov'rft 

Name 

P. -h 

Edt 

Who, cwtowd e... Level 

Edt 

The "Who" tab (Figure 6-8) contains three groups of people: team members, clients 

and stakeholders. It can also be viewed by clicking the "head" icon on the KCp. 

The "Who" list also contains all appropriate personal data by which people can be 

contacted. Indications of performance can also be included where appropriate and 

reviewed by those responsible. Through the "Who" tab weightings for each group 

can be used to combine evidence values. The "Who" tab has a space in which the 

process owner is identified. The level of the process is indicated in the lower right 

hand box. This is important when used, for example, to export information to MS 
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Project for resource and time management. It is recognised that personal 

information can be sensitive and these facilities in JUSTISE may be managed 

differently according to different company practices and cultures. 

ft& I Why I How I ftat I Who When I Whete I OJA Weigtiv I Commentary I Review Comments I How Flag Obtained 

Earliest Start 12007-07-26TOO: 00: 00 Latest Start J2007-07-26TOS: 00: 00 O/A WegItting 

Earliest Fin... 7-08-14TI7: 00: 00 Latest Fl... 12007-08-14TI7: 00: 00 0.0 

Nee Float JOD(s) Total Float [OD(s) Evidence 
0.93 0. % 

Duration: 1141)(s) 

Comments: 

variation occurs in schedule. 

Figure 0-9 Design of -When- tab 

The "When" tab (Figure 6-9) includes inputs of seven time parameters, which are 

"Earliest Start" (ES); "Earliest Finish" (EF); "Latest Start" (I-S); "Latest Finish" 

(LF); "Free Float" (FF); "Total Float" (TF), and Duration. The comments can be 

recorded when any time variation may occur in the scheduling. To avoid a wrong 

input of time parameters that may cause inconsistencies in project scheduling, 

JUSTISE does not allow direct user input of time data. It only takes time data from 

NIS Project where they have been processed using critical path scheduling. This 

function will be discussed further later in this chapter. 

I Why I How I What I Who I When VAI&e I OIA Wes*ing I Comme0ary I Rev*w Commeks I How Flag Obtained 

Descnption 

istruction on Soft land, 

r to the river A. O/A Wes*" 

nical AsswvjWCwoxt 

er to as3umption by clicking link beloý EvWerKI 
[ 032,05. 

ým 

Link f*tpIIwAeA-com/gxowt lfi&-KkxoPertY Edt 

Figurc 6- 10 Desigil of -Where" tab 
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The "Where" tab (Figure 6-10) presents two information input fields: site 

description and technical assumption or context. The data link gives the user access 

to acquiring more textual information when needed. 

The local evidence is determined by the individually assigned weightings to each 

attribute in the "O/A weighting" tab (Figure 6-11, below). Users need to 14 refresh" 

their measurement to achieve the local value of a given process. The sum of the 

weighting values has to be "one". A warning dialogue will pop up when this is 

violated. "Commentary" and "Review Comments" tabs provide user an auditing 

approach to comment on KPIs, processes or any other variations. It keeps different 

users informed in a timely manner when another user makes any changes, or 

comments on any process attributes. 

Who r 00 

wNn 1 0.0 

wt, &. r-o 0 
Rebee 1 c«xo 

Figure 6-11 Design of -OA Weighting- tab 

Another feature of the properties pane in JUSTISE is that it provides the users with a 

direct view of the "How Flag Combined" tab (Figure 6-12). This provides at, 

explanation of how the (child) "Italian Flag" are combined to yield a propagated 

(parent) flag based on Blockley's pairwise combination algorithm (2008). This is 

important because the way flags are calculated in PERIMETA and in JUSTISE is 

not straight forward. The user needs to understand how the flag was calculated and 

the assumptions that are made. Whatever the results of the mathematical algorithms 

the responsibility for decisions and actions lays with the user. The process players 

also need to understand so this facility helps players to audit values of dependencies, 
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local evidence, etc. and to understand when and where they become out of range, 

invalid or conflicting. 

NOde I WbY I HOW I MW I Who I When I Where I OJA Weeghting I Commentary I Review Convirierits How FLOO ObtaMd 

W, w Process I 

Find calculate the flag based on each sub-piocess separately - joint sufficiency and joint necessity are not included at thi 

stage* 

New Process 2 INIMEAM 
(0 15.0 8) 

Now Process 3 IIMMMIE: J (0 8.1 01 

F190 anumplion - these indrodual flags are interdependent in the same way as sub-processes 

Ser, ond calculate the union of flags for all pair combinations, note the conflict and redistnbute it to while Joint sufficiency 
and joint necessity conditions are now included' 

ZJ 

I- igure 6-12 Design of I low Fla, Obtained- tab 

In general the properties pane plays a key role for measuring and maintaining 

evidence values for each process. The measured evidence can be shown on the 

"Node" tab and be projected onto the project modelling within the main pane. 

6.7 Key Functional Features of JUSTISE 

The key functionalities of PERIMETA (Hall et al, 2002) are kept in JUSTISE. 

JUSTISE has further functions that are designed to provide the user with some 

advanced means of monitoring performance and managing uncertainty. These are as 

follows: 

Providing an enriched performance monitoring interface 

The performance monitoring interface (PMI) in JUSTISE provides the user with a 

holistic view of each attribute. The user is able to measure, monitor and maintain all 

of KPIs associated with a given process or set of processes. The overall value 

gained from the six attributes serves the evidence. 

Providing data tofacilitate people management 

JUSTISE helps people management by providing a tool through which information 

can be shared. Data includes, for each project player, role, position, and descriptions 
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with personal data links (Figure 6-5). Each player is associated with one or more 

processes and allocated into one of the three groups: team member, clients or 

stakeholders. Changes occur through resignations, absences through illness or 
holidays, or many other situations that possibly may occur. Process owners can 

allocate Italian Flags of the dependability of the success of a process as evidenced 

from people issues. For example if a problem occurs such as a weakness in the 

performance of a person in a particular role then senior managers can reflect that in 

their own judgements. 

Providing link to MS ProjectTm for time management 

JUSTISE provides a relatively complicated but very essential functionality for time 

management. As a widely-used project scheduling tool, MS ProjcctTm (MSP) can be 

linked to JUSTISE interface for transmitting critical time parameters generated in 

MSP interface. The relationship is realised by a built-in C#-based information 

exchange channel. The VBA programming (VB source codes are enclosed in 

appendix III) needs to be pre-encoded into the MSP field of "Tools/MacroNisual 

Basic Editoe'. "Project Tools" contains two functions, which are shown, 

respectively in Figure 6-13 and Figure 6-14. 

Function 1: receives data from JUSTISE, reads an XML file generated by JUSTISE 

and transforms it into a new XML file which can be recognised by MSP. At the 

same time, JUSTISE invokes MSP then loads the transformed XML file into N4S 

Project. 
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I JUSTISE I 

hivoking 

JUSTISE XML FILE PROJEcrTOOLS 
Transfanning 

linvi-ing 

NIS PROJECT MS PROJECT XML FILE 

Figure 6-13 Description of Data Flow of Function I of "Project Tools" 

Function 2 is the reverse of functionl. It savcs the Project XML from MSP 

transforms it into a JUSTISE XML file and at the same time invokes JUSTISE to 

load the JUSTISE XML file into the JUSTISE interface. 

Invoking 
-1 PROJECTTOOLS 

to 
-Ei Closin Saving and generating 

MS PROJECýT NIS PROJECT XML FILE 

JUSTISE k--l JUSTISEXMLFILE 

Figure 6-14 Description of Data Flow of Function 2 of -Project Tools7' 

When executing functionI users needs to be aware of the level at which the 

hierarchy is being processed. Basically the bottom level contains the most detailed 

processes and so all of them should be loaded into MSP. After completing function 

2 the "When" tab of each process will contain all of the time parameters generated 

from MSP. At the same time, the "main pane" also displays the time "critical 

processes" highlighted in yellow. This tells the user that if that critical process is 

delayed then the whole project will be delayed. In this way, the user can find 

information about the time parameters of processes at upper levels as they emerge 

from the lower level times. The Italian Flags in the "When" window indicate the 
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dependability that the time information indicates that a particular process will be 

completed in time. For example the processes of "Constructing a Garage" have 

been time modelled in JUSTISF. The overview of project scheduling is contained in 

table 6-1, with a flow chart and a Gant-chart with the critical path highlighted. 

6 
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'rabic 6-1 Flow-chat and Gant-chart of -Conitructing a Girage" 

This project modelled in JUSTISE is shown in Figure 6-15 with Italian Flajý 

evidence values. The project has been modelled in three levels: level 2,1 and 0. 
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Figure 6-15 Overview of "Constnicting a 6arage- in JUSTISF Modelling 
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Figure 6-16 A sample scheduling sorted by "critical path analysis- in MSP 
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Figure 6-16 shows that the project modelled in by R IS VISE can be scheduled in 

MSP. Then the elemental processes are analysed using critical path analysis (CPA) 

to identify the critical process and calculate all of the relevant time parameters for 

each process as required. The data can be loaded back into JUSTISE. In Figure 6- 

15, the four processes coloured in yellow are "critical processes". 

If the user clicks on any process within JUSTISF, the properties pane will display 

the values of six attributes with dynamic links to -Who- and -View-What" pages 

that contain all information regarding project players and KPIs. 

Incorporating an auditing screen 

The advantages of an auditing system were discussed in Chapter 5. JUSTISE allows 

users to leave timely comments and reviews into attributes tabs of each process. 

The screen checklist provides users with an auditing perspective to investigate all 

critical processes in a selected sequence. It contains %karnings of the problematiC 

processes requiring attention. 

LOC4 Evideme 

cw*, w E, 4m, 

Prq>&Ood Evdmm r Ag" 

JAIL tv carKel 

NOW LOW EV40 0 Pwavag edt"dorKe Colsto EY40KO 

NVA hoc*% I 
F- lia. tal 1 1614'ex) 11*.? 4, *. % jj 

Figurc 6-17 Dcsign of -Scrcen ('hc%: klist** 

In Figure 6-15, the "screen checklist" can be activated by clicking on the "bug" jC4: ), 

on the KCP. People can order the processes using various criteria. This gives the 
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user a traceable means of finding out the most notable processes according to the 

criteria such as the biggest amount of red or smallest amount of green. 

Delivering an enriched reportformal 

When required the user can produce two types of PDF-formatted reports: a KPI 

Report and a Node Report. The "KPI Report" includes all information associated 

with process-related KPIs with diagrams. The "Node Report" provides an overview 

of model and measurements of the attributes of each process. The reports can be 

printed as required. Examples can be seen in Appendices Il and 111. 

Providing access to external environment (Validating data system) 

JUSTISE works within a joined-up validation system realised through an 

information gateway on www. wisdomcatcher. com. After clicking "feedback" in the 

"Help" tab, any feedback or experience on implementing JUSTISE can be input 

through the web system. It will then be automatically sent to the author. Users will 

be only required to take part in a designed online access for filling the e- 

questionnaires. 

Details on how to use JUSTISE can be found in JUSTISE Manual Book that 

becomes the "Help" documents in JUSTISE. 

6.8WISDOMCATCHER. COM 

6.8.1 What's WISDOMCATCHER. COM? 

The conceptual framework of WISDOM is described in Chapter 5. JUSTISE is a 

DSS shell through which its web-based information system (WIS) can be activated. 

The website is called www. wisdomcatcher. com (see Figure 6-18), and is meant to 

"catch the wisdoms to realise the WISDOAT'. It was established by the author in 

June 2006 after the JUSTISE workshop (see Chapter 7). 
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Figure 6-18 The snapshot of portal page of \%, %% \% . wiAlonicutcher-co", 

6.8.2 Objectives of wisdomcatcher. com 

The website was set up to fulfil the following objectives. 

1) To embody the conceptual framework of WISDOM recognising that at its 

current stage wisdomcatcher. com acts as minor part of WIS only. The 

construction of "CKS" and "HKS" as proposed in Chapter 5 is future work. 

2) To provide an interactive channel and a sharable knowledge base for users by 

obtaining the research infon-nation e. g. news, publishing, and JUSTISE 

modelling cases made by JUSTISE users. 

3) To disseminate systems thinking knowledge into a wide range of engineering 

practice for initiating industrial research work. This is a promising and long- 

term strategy that requires numerous and various people's involvements into a 

joint concern to improve management performance. 
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4) To establish an interactive VDS of JUSTISE realised through an online 

questionnaire. 

6.8.3 Construction of the website 

The website was registered with its domain on www. 1&1. co. uk and was mapped to 

a specific IP address via DNS (Domain Name Server). It is being managed by the 

author and is realised via a "Virtual Host" at "Interadvantage U S" 

(http: //www. interadvantage. com) that enables the management service for Serviet, 

jsp. htmI files, Tomcat server and database server (MySQL). 

EXTERNAL 
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d -2 ;ý4 ý - ý *ý; Z , 2 22 - ýZ 

r--4 ---------------------- 
q g 

RNA1 

SERVER 
PLATFORM MySQL SERVEHg 

1111"'wili(m, 
go. TONIC. -I 

INI ERNA 
-------- ------------------ 

DATABASE MANA WMENT PORT TOMCAT( 
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Intera, lion., 
T SERVER FILE SVSTE. %l 

------------------------------ 
CINTROL PANEL FIT PORT 
ogma'r 
11 h At) 

I- SYSTEMS BUILDER! WEBSITE I Vdillfltg t/411411'aw so-IsClUrt 1-mling. 14 1A pr, ý%zromv filt-,, 
ADMINISTRATOR pit wres. hind blev -r( 

(vee Fiýurv 6 21.22ý 

EX FERNAL 

Figure 6-19 Internal. /external environment of validating data system (VDS) 

In Figure 6-19, the whole server platform consists of three main components: 

Tomcat Server, File System and MySQL Server. Together they form an internal 

environment (enclosed by dashed rectangle), and provide different functions for data 

processing. As early discussed in section 5.4.3, figure 6-19 matches the basic 
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concept of systems players whose activities form an external environment. The 

interactions between internal and external environment are realised through the 

activities conducted by the systems builder, JUSFISE user and JUSTISE 

programmer. 

6.8.3.1 Tomcat server 

What is the tomcat server and hovs, does it vs-ork" 

The construction of the website is realised through adopting the "Struts" framework 

and JAVA-Web Technology. The JAVA language is transplantable and executable 

on any of platform that is operated under the JVM (JAVA Virtual Machine) 

environment. The website is therefore planted on the "Tonicat" server under JVN4 

environment. The -Torricat" server can be viewed as a "Serviet" container that is 

constructed in terms of the specifications of -Sevlet/JSP-, by "The Apache Software 

Foundation". It not only supports the service port protocol. but also internally 

enables Serviet and JSP technologies to realise the functionalities ot'website. The 

"Struts" framework supports MVC function, by which a %%ebsite can be effectively 

maintained through three individual layers standing for -Model", "View" and 

"Controller". (For more details on -Struts" and -Torricat", please go to 

http: //www. apache. org/). The wisdomcatcher. com can therellore conduct the 

experimental check and then form a web-based environment I'Or JUSTISE. 

In the internal environment, the tomcat server plays a central role in interacting with 

MySQL and 'File System'. On the one hand, its interaction with 'I-ile System' can 

be implemented by periodically checking and enabling any change in the file syster"', 

where some executive JAVA programs and other files, e. g. picture, diagram or htMj 

files are prepared by the website administrator or web designer. This is crucial t, 3 

provide viewable and controllable wcbpagcs (e. g. e-questionnaire template) to the 

web visitors through tomcat server. On the other hand, the interaction with MYSQL 

can be carried out through querying, updating, saving questionnaire data in MySQL. 
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In the external environment, the tomcat server can be remotely managed by the 

systems builder or website designer through %%cbpagc-based "tomcat control panel,,. 
A series of ordered actions are shown in Figure 6-20. Moreover, it communicates 

with JUSTISF users through pro%iding ý%chpagc and recci%ing questionnaire 
feedbacks. 

6.8.3.2 File System 

Any part of the website must be remotely controlled in order concurrently to modifý, 

or update any information on the website at anýtime and anywhere. The website, 

administrator thus needs to prepare the edited Serviet, JSP, html files and related 
diagrams, figures or etc. in the local machine for being further uploaded into the 
directory of file system in server platform. 'Me controlling processes are implemented 

by FTP software via FTP port provided b) server plattlorm. For demonstration, the 
"CuteFTP" software is used. An overvie%% of the managing interface is shown in 
Figure 6-21, and the corresponding up/downloading diagrams are shown in Figure 6- 
22. The key processes are described as follows: input a username and password tO 
obtain all files on the server at /public 

_htmi/portal 
%%Ithin CutcFtp interface. Right 

01 er 4 click the left file/folder, and then select "upload" to transfer a tile into current If d 

on the server. Information can be implemented b) doAnioading a selected file fr'Orn 

the server to current folder in the local machine. 

6.8.3.3 MySQL server 

The Structured Query Language (SQL) is an ANSI (American National Standards 

Institute) standard computer language for accessing and manipulating databas,, 

systems. SQL can be used in JAVA programming to enable an execution and 
interaction with MySQL database to deliver current information to the users. MYS QL 
is arguably the world's most popular open source database system and is friendly t. 
the Linux/Apache/PtIP environment (Ritzhaupt, 2005). It is an implementation Of a 
relational database management system that traditionall) runs on many OS, such as 
Linux and UNIX systems. To learn more aIx)ut M)SQ1., please visit their website at 
http: //www. mysql. com. 
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In the context of this research, once a questionnaire is completed and submitted 

successfully by a JUSTISF user, MySQI. will be acti%-ated bN the tomcat serve ad rn 

automatically imported into MySQI.. In Figure 6-19, the interaction with the extemal 

environment is only carried out through a pre-defined data structure by the systems 
builder/website administrator in MySQI.. 'Me data structure is categorised into three 

parts: questionnaire forms, user profiles. and results. 

6.8.4 Online questionnaire 

6.8.4.1 Background infonnation 

The JUSTISE questionnaire was written in the middle ol'2006. It, aim is to provide 

So some validation of the JUSTISE sotl%%are by asking a number ofauthorised user t 

participate into an experiment. The questionnaire is publicised online and Only 

available to those authorised users who are invited to implement "JUSTISE" sOftware. 
To get to the questionnaire page, a user is directed through the l'ollowing sequence: 

portal page 4 communication plat/6rm4link to JU. V1*V; E online workshop. A paper- 
based sample was reviewed by the YTS (Young TalenOUralegi, ) Board of SCG and a 
range of departments of SCA (Shanghai Construction Association) to determine it, 

clarity and usability. More cictalls on Ilic mcthodolo, -, ý, oftlic questionnaire will be 
discussed in Section 7.5. 

6.8.4.2 Data collecting flow 
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The communication between user and website is carried out through the data 

collecting flow shown in Figure 6-23. 

Successful receipt of data is subject to two requirements: the user must ensure any 
input data is usable and valid; and the user must submit a completed questionnaire. 

After data is successfully saved in the validation database, the website administrator 

(the author) needs to extract the data. The data conversion is implemented through a 

set of application facilities (to be introduced in next section) pre-programmed in 

JAVA at Tomcat server. 

6.8.4.3 Result acquisition 

TONICAT SERV FR 

I JAVA APPLICATION)OODIJU (JAM) 
ACQLIRIN6 Rl Ut rF --------- 

r-týý (03 1 \I\IN(o D\i\ I- Ro\l 10) Y'll 11 

SORTING DATA 
IUSIISF 

PROGRAMMI. R 
CALLING JFXCEL API 

('jl'Nl-'RATIN(i 
FORMATTIA) OUI PLIT 

Il 11) 1 N6 B ACK R LSU IIL ----------- 

'C PflW' tSAS ' nc- -- 

IIIII 

Questionnaire Fable 

--lZ 

Reitilt, I ahle 
--r-G; Gw- 

Figure 6-24 Operating processes of result acquisition by JUSTISF programmer 

The implementation of the e-questionnaire is realised by communication with 

Validating Database System (VDS), which is based on the server platform. When a 

JUSTISE programmer acquires the questionnaire result, the tomcat server becomes a 
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hardcore of VDS that produces a formatted output of the questionnaire through a 
designed Java Application Module (JAM) in the tomcat server, as depicted in Figure 

6-24. 

JAM is a designed data processing environment Programmed by JAVA language. The 

interaction between JAM and the Database Server (MySQL) can only be activated 

when the JUSTISE programmer needs to obtain the feedback forms. This action can 
be initiated from querying data for the MySQL server. JAM then enables the data 

processing, which combines questionnaire form, user's prorile, and result into a forni 

that can be converted into Excel output when calling JExcel API tool. The Excel- 

fonnatted output can be easily analysed within Microsoft Excel. Tlic source codes of 
JAM will be attached in Appendix Ill. 

JUSTISE together with its affiliated website are the key contributions of this research. 
The key purpose is not only to provide a decision-support tool but also to promote 

continuous learning of systems thinking. In the next chapter, a Chinese case study 

will be conducted to demonstrate how we can learn by using the JUSTISE tool. The 

feedback on JUSTISE will be discussed. 
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6.9 Conclusions 

JUSTISE has been described as an IT tool that enables the potential of systems 
thinking. It does this by addressing interacting process holons in a hierarchy 

with all relevant data together with a numerical scheme for measuring 

evidence values. It has been written as a DSS shell acting together with its 

web-based servo to realise the WISDOM system; 

* JUSTISE was developed from PERIMETA and can be regarded as sister 

software. For this reason it shares some similar features with PERIMETA, e. g. 

some parts of user interface and functional ities. However, it is a different tool 
in a number of important aspects as follows. It provides an enriched 

performance monitoring interface; helps manage people management with 

relevant information; helps manage time parameters of processes by 

connecting with MSP; incorporates simplified mathematical algorithms and 

presents more detailed performance reporting. The user interface and main 
functional features of JUSTISE are designed to facilitate performance 

monitoring and uncertainty management; 
JUSTISE is designed to be applicable to a range of engineering problems and 
to serve the different purposes of management by different users. Through the 
introduction of object diagrams users are provided with an holistic view and 
are helped to understand the possible consequences of their decisions and 
actions; 
JUSTISE must be further tested in various real project cases because it is still 
in its infancy; 

* JUSTISE is be tested and validated through an online questionnaire at the 

website "wisdomcatchcr. com". The website is a framework for partly 
implementing WISDOM and can be remotely managed through an IT platform. 
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CHAPTER 7 

USING JUSTISE 

Objectives: 

The objectives of this chapter are to: 

9 set out how a JUSTISE model for a Chinese construction case study was 
implemented; 

9 introduce the idea of a JUSTISE workshop and an e-questionnaire; 

9 provide evidence to corroborate the performance of JUSTISE; 

* explore ways of improving JUSTISE for the future. 

7.2. A Real Case Study of Using JUSTISE 

The primary purpose of the case study is to show how the approach to decision-support is 

practically feasible. The aim is to explore and test in a real-life context whether JUSTISE 

software has something different to offer in a new angle, more essentially, to demonstrate 

whether JUSTISE can be adaptable to the management practice within Chinese 

construction environment. The potential benefits of this new approach together with its 

added values need to be compared with present techniques to managing construction 

uncertainty and risk. 

7.2.1 The selection of the case 

A good case study is one that enables a series of comparable assessments, judgments, and 

analyses of construction management together with a retrospective analysis that explores 
the feasibility of the WISDOM approach and the utilisation of JUSTISE. 

As discussed in Chapter 2 the Chinese construction industry has an ever-increasing need 
for a systemic approach to managing uncertainty and risk. In this chapter, a real case 
study of a recently completed project in 2005 by SCG will be carried out in detail. The 
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results generated by JUSTISE modelling will provide a comparative view on 
management of uncertainty with existing project reports and provide evidence of the 

potential effectiveness of using systeins thinkim-, fi)i the Chiiic,, c ý: onstruction industry in 

the future. 

7.2.2 Modelling assumptions 

Four important points need to be made. 

As discussed in Chapter 5, it is currently not possible to establish CKS 

(concurrent knowledge system) and IlKS (historical knowledge system). The 

process models were constructed from documentary evidence (USET Project 

Report, 2004) relating to the project and discussions with SCG experts directly 

involved. Many processes had to be developed until it %%-as felt that the model was 

a reasonable reflection of the processes actually performed. 

The author was informed by occurrences and variations ot' KPIs in course of 
modelling. The project model therefore tends to be dynamic and all project data 

and infon-nation is updatable. The judgments reflected in the Italian Flags will 

vary until the whole construction work is finished. 

Some mathematical assumptions are required in order to use the nurnerical 

algorithms for the logical inference of the Italian Flags for a specific process as 
calculated from the Italian Flags for one or more sub-processes. As reported 

earlier the "pair-wise combination" algorithm was used as a default. The details 

of the numencal computation are not central to the research described in this 
thesis and so are not be presented in any detail. A number of parameter values 
had to be chosen. The dependency between any two processes at the same level 

of the project hierarchy has to be chosen under specitic situations. It was 
assumed that all processes are totally dependent so a dependency value of I was 
used. The 2 nd assumption (discussed in Section 3.6.2.4) was used so that the 

results P,, (H)are all totally dependent and all ofthe conflict was taken into the 

white range. 
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9 The level of "Positive Support" and "Negative Support" (in Figure 7-1, 

respectively noted as 'SqIficiencj, ' and 'Necessio, ') has also to be chosen. As 

discussed in chapter 3, "Positive Suppoi-t- ( P(H / E) ) is a measure of the 

dependability that total success in a sub-process (E) supports the total success of 

the process (1-1). "Negative Support" is the degree to which failure of a sub- 

process result in a failure of the process noted as P(H1 E). For this case study, 

default values of I for both "Positive Support" and "Negative Support" were 

chosen which means that the sum of all of the sub-processes E is directly 

equivalent to the process Has assumed in the modelling. 

Personal Settings 

Name TV CHIN 

Orewusatton VA1v#rskty of Bristol 

Propagation Algorithm Purville Coishlaistjois v 

Defoult Necessity 10 

befoult Sufficiency 10 

Default ImpsTtenco 10 

]Default Iiijitudenty I C. 

Rod@ Display Width 84 (Alftionsm as 84) 

Bodo Display No3ght. 80 (exalam is NO) 

Bodo slot Edit .0 

So4o Background Colours 

Process click the colow to Change It 

Issue 

Option 

Argment 

Bodo Optional Attribute s 

Up to 6 attributts may be added here 

Ll 01 Cancel 

Figure 7-1 Defaulted personal setting in JUSTISE modelling 
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7.2.3 Case Study for "Building the IqlOrmation Centre ofthe Universiti, qf Shanghai 

Engineering and Technologv (USET)" 

7.2.3.1 Project background 

Songj'iang University Town is about 30 kilometres away from downtown Shanghai. it is 
home to more than 50,000 students on a few suburban campuses of local universities - 
including SISU, Donghua University, East China University of Politics and Law, 

Shanghai Institute of Foreign Trade, and the University of Shanghai Engineefing and 

Technology (USET). It is one of the most important subsidiary construction projects for 

Shanghai EXPO 2010, since the "university town development strategy" was established 

by the government in 1999. The construction of a university town has attracted a number 

of dornestic and international project participants, including local govemment, 

construction contractors, investors, designers etc. 

The construction of the Infort-nation Centre of the University of Shanghai Engineering 

and Technology (USET) was regarded as a **prestige project". The building is expected 

to provide the best library facilities and information sen-ices and feature strongly in the 
lives of local students across the university town in the next 10 years (Shanghai Daily, 

2001 ). It has therefore been a high profile project gaining high levels of attention for the 

quality of construction - Figure 7-2. The building is located in an important geographical 
location of the town, and poses as a landmark across a 10kni radius of the area. The 

pyramid-shaped architecture is fully funded by USET at a budget of 95,000,000 Million 

RMB (approximately 6-Million GBP), and was designed by Shanghai Modern 

Architectural Design Co. Ltd (SMAD). The No. 2 Company ot'SUO was appointed as the 
key construction contractor. According to the construction engineering schedule the 

project spans 276 days from March 2 01h 2004 to December 24 th 
-1004. The main body ()f 

Information Centre is a six-storey frame structure, beneath which the prefabricated 

concrete tubular plies are the structural foundations. 

For the purposes of this research the author used the "USET Pi-oiect Rejwt-l, SCG 2004" 

provided by SCG NO. 2. None of the data or anN of the information regarding both 
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technical and non-technical matters was described in terms of "KPIs". This was a big 

difficulty since JUSTISE is designed to work on KPIs as associated with processes. To 

deal with this problern, the author has extracted the similarities between Chinese 

construction project terms and the use of KPIs and then converted some of them for use 
in the project niodellino. 

1) Overview of Shanghai it 
2) 1 ocahsýcd krea ot'Song, hang Dvltict (wit w. ema/p., m 

Figure 7-2 Zoomed view towards the infon-nation ccntrc of USET 

7.2.3.2 Understanding the scenarios 
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At the beginning of every problem- sol v ing process it is crucial that an adequate 

understanding of the problem is obtained. Any problems however cannot be definitively 

identified until the problem solving undergoes a number of iterations, especially in the 

case of complex systerns and wicked problems. In another words, when an old problern 

has been, or is being or will be solved a new problem inevitably turns tip. 

Willows and Connell (2003) indicated that a decision-maker is supposed to provide clear 

reasoning for each answer he gives, stating significant assumptions, explicitly choosing 

the criteria for success, stating the degree of confidence in the answers where Possible, 

identifying uncertainties and recording the sources of inforination used to answer the 

questions. 

Onsite ayiaývsis, pry? ject revievving tit tivint-s. grotq) discussion. joint meeting, 
work-3hops, published researc h pdl, 1, N w( him al relwas. expert 's intelligence, eft,. 

ffia ... 4n hats -, -n p, eptrat I 
hoblern Solving 

Uki I I'll IPM ft' 1ý ý flig" qu-111IN 

ý: z I 

Pre-pro. icct Prepamtion 

ST ART 

jd 
Constmclion 

(I ,/ pmtvý I pw, it, ,,, I thin I he '. he'llit, 

('UP"ve 

Time int, 

clieck Oludding in Lj%e) 

FINISH 

Figure 7-3 Time line-based three representative scenarios and the -conjecturable problem curve" 

The construction project case study has already been completed, but some representative 

scenarios during the course of construction can be explored in order to look In-depth at 
the nature of the risk and uncertainty within the pro . lect. Scenarios in practice are 

coherent descriptions of alternative images of the future, created from mental maps of 
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models that reflect different perspectives on past, present and future developments (Kahn 

and Wiener, 1967). A scenario-focused case study is depicted in Figure 7-3. The red 

dotted curve is a conjectured situation as project issues changed. In practice, project- 

related issues and enquiries can be made of key stakeholders of the project through onsite 

analysis, project reviewing activities, group discussion, joint meeting, and workshops, etc. 

Published research, policies, technical reports, expert's intelligence were used to fill in 

the knowledge gaps. The figure does not intend to specify a scenario at the exact point of 

time in the project but in general enables us to understand what can be reflected from real 

construction practice to a simulated environment. In this way we can see how sorne 

performance indicators can be identified, measured, maintained and we can explore what 

reactions might have been taken to modify the performance indicators. 

The case study is typical of Chinese construction management practice. The pre and 

post-project work are not included in the model but it will include three scenarios at three 

different periods along with the project tirne line. We will be focusing on the elemental 

processes at the bottom level in Section 7.2.3.3. 

"Scenario I" for -Proc(--ý,; s 1.1 - 1.4- simulates the situation where the "Process I" 

(Preparing. 161- Construction) was implemented at the start of the project. It is judged on 

the basis of the current data and infori-nation with direct or indirect references to forecasts 

of future situations. "Scenario 2" for "Process 2.4.1 - 2.4.3- simulates the situation in 

the middle of the project timeline. Measurements or judgments "Scenario 2" are derived 

from evidence frorn predecessor processes and then current information and forecasts are 

made about future situations. "Scenario 3" for "Process 7.1 - 7.7" is a simulation near to 

the cornpletion of the project. 

7.2.3.3 Modelling the case 

Structuring the pi-o ect hierai-chi, and identýfying the levels 

The use of process as the building block of the model presents us with a means of 

bringing together all sorts of different types of data, information and comments with a 

rich description which includes the value of "evidence" to show how well that process is 
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performing at a given point in time. The hierarchy of Figure 7-4 gives a manageable 

overview of a very complex project as each part ofthe model can easily be built down to 

an appropriate level of detail. 
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Figurc 7-4 Ovmicw of JUSTISL Moddling ttw VSFT 

In Figure 7-4, the project is modelled at three le%els with 65 sub-processes as sub- 

processes to the top process of 'Building the inl6rination cenn't, q/ I NET'. Due to page 

size limits the contents of Figure 7-4 are not legible but do present an overview Of the 

project model. The bottom level is coloured deep blue and contains the majority Of the 

processes in the model. 

Identýfving the " Time-related Critit -ij/ Pro( cs N 

"Project Tool" is activated to load the time parameters from MS Project into JUSTISIR 

domain to identify the time critical processes as described in Chapter 0. 

Building the network o1project people 

Building the network of project people not only indicates the relationships between the 

participants and their individual roles but also sets out their responsibilities. A key role is,, 
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the process owner who should constantly be seeking and encouraging all of the players in 
the process to find ways to improve it (Blockley and Godfrey, 2000). 

Key Project Participant Name of the Entity Representative 

ProJect C'ficnt/Invcstor USET Dr. WQ ZIIANG 

*Key Contractor SCG NO. 2/ Song Jiang Project Team Mr. YD Sill 

Land Planner ATKINS CHINA Mr. Y WANG 

Local Gowmincrit Song Jiang District Government Mr. ZP SONG 

Development Licence Issuer Bureau of Land Development Mr. LQ ZI IOU 

Associated Community Administration of Uni-City Community Mr. JM DAI 

Environmental Inspector Bureau of Environmental Protection Mr. JQ SONG 

Architectural and Structural Designer SMAD Mr. Z LIU 

Utility Supplier Bureau of Public Utility Supply, Song Jiang Dr. M YANG 

Table 7-1 Descriptions of stakeholders 

In the case study, unfortunately, only the contractor's responsibilities were clearly 

identified in USET project report. After a series of discussions with the project parties, 

such as the client, land planner, the author was able to tabulate the stakeholders' 

responsibilities. In table 7-1 the key representatives of each of the project participants is 

shown. The responsibilities of each project party are explained in table 7-2. These were 

correspondingly captured under the "Who" tab where the assessment of each project 

participant's performance will be directly or indirectly valued. 

Key Project Participant Key Responsibilities 

I) To secure the development licenses and permit in time 

Prqject Chent/Investor 2) To reconcile the conflicts with local residents 
3) To well manage the relationships with all governmental sectors 
1) To meet the client's requirements and demand on proýject 
2) To deliver the best quality in construction product 
3) To compete for "Magnolia Construction Prize" 

*Key Contractor 
4) To make project profitably and competitively done 

5) To well coordinate all project participants 

I) To ensure the project land plan is matched to the regional land plan 
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Land Planner 2) To keep the constant contact with all project actors when needed 

3) To provide well-designed land plan to investor arid government 

I) To superintend the quality of construction for client 

2) To assist contractor completing project before the deadline 

3) To ensure the safety and security of project 
Onsite Project Supervisor 

4) To assist client and contractor in implementing cost control 

I) To coordinate the project affairs bet%% een go% ernmental 'sectors and 

project actors 
2) To promote the local employment statu, 

3) To protect public (local residents) front unfair treatment 
Local Government 4) To enhance the -Regional Development Strategy" 

5) To examine the qualifications ot'project participants 

6) To maintain the announced policies and strategics 

I) To administrate the land property 

2) To in%cNtiýatc file (. 111ýi1ifiCatIO11 (It kind dcxclopcr. ill%'Cstor and 
Land Development Licence Issuer contractor 

3) To issue the IL11111 dC% C101111MIt hIC111-Cl 

I) To protect the interests of present and fuluic community members 

2) To partly superintend the operation of project work 

Associated Community 3) To secure the long term relationship with local rcsidcrits 

4) To protect local environment and public front danger or annoyances 

5) To promote the project efficiency and economy 

I) To protect the environment, public health front any danger caused 
by the project 

Environmental Inspector 2) To supervise the treatment of land and construction waste 

3) To issue the "environ mental protection permit" 

I )To ensure all client's requirements are met 

Architectural and Structural 2) To keep constant contact %%ith project actors on any change of 

Designer design if needcd 

I) To set up the atc and Iahlc titil it% Liý-i litic, 

2)To deliver electricity, gas, water, and other services safely, 

Public Utility Supplier efficiently, securely and sufficiently throughout the project 

(PUS) 3) To compiv with industry's specifications and regulations 

4) 1o maintain the N11SWIMINC Utlhlý, ser\ icc toi post -project 

Table 7-2 Summary of stakeholders' key responsibilities 
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In particular, the project tearn (SCG No. 2 Song Jiang Project Team) played a key role in 

construction work and its external project relationships and internal project management 

tree are shown in Figure 7-5. The representative of the contractor (Mr. Shi, Y. D. ) was a 
director of the firm. The dotted closure of area delineates the main body of "Song Jiang 

Project Team" headed by project manager: Mr. Yu W. M., who was regarded as a 
"process owner". The foundation structure with six sub-sectors, was straightforwardly 

managed by the -Project Management Qflice" (PMO). The PMO works together with 
the "Qualiti, Supervision Board' (QSB) and the "Human Resource f Q. ) fice" (HRO), which 

are directly managed by the head of SCG No. 2. In JUSTISE all relevant key process 

participants were registered in the fields of "Who" tab personal details links in Figure 7-6. 

Client 

Onsite Project Associated 
Supervisor Parties 

I, ocal INFORIMLATION CENTRE OF USET 
Governmen(al Suppliers 

Sectors 

(General Manager: Yi De SFIlý 
I 

Song Jiang Project Team 
(Pr, -ject Nhnagcr: V cn Ming YL) 

------------ ----- -- -t------- -------T 

Quality Supemision Board Project Management Office Human Rmurce Office 

On sitc I lcAlth & Safet\ Technical Suppirt Tcimi 
Pr(, icc: t Financial & Auditing 

Control Officc 
Team 

Materi. d Managerricrit ( )fficr 
Utilit-v and Nlachincr\ PT(PICCt C(x-)rdinatinn ( )ffice 

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

Supi-x)rt 

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

Figure 7-5 Quality Aisurance-Driven Project Organisational Tree 
(-Prujvc I Revieii Btk)k 0.5-06. SCG NO. 2ý 
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Figure7-6'1*he "Who" list of JIISI ISh Modelling for USI- I 

in the case study infori-nation in "Why" tab was considered as the driving force that 

generates the changes in the other attributes of how, what, who, when and where. 

7.2.3.4 Analysis of scenario-based modelling 

The purpose of this project-based simulation is to indicate variations in the capacities of 

the available resources. Any piece of information (e. g. time, cost) relates to some aspect 

of overall performance. An overview of the system including all these information and 

data that provides the project planners with insights into what parts of the system are 

predicted to be weak and may endanger the operation of rest of processes; what parts of 

the system need to be remedied and improved and what parts of system are on track. All 

of this informs corresponding options or strategies that need to be carried out. 

Scenario I 

For almost every construction project in China, the beginning stage contains the majority 

of the bureaucratic complexities in the project (Ding et al, 2006). This is because so 

many permits, authorisations, and official documents must be approved and issued by a 

number of appointed parties through a series of very time-consuming procedures (see 

similar discussion in Section 2.7.5.1). The bureaucracy and associated issues, such as 
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corruption, public objections etc., cannot be completely avoided but may be properly 

anticipated and treated according to the analysis of specific project circumstance prior to 

the outset. Scenario I was analysed within the sub-processes of process I and represents 

the situation sometime during preparation stage. 
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A snapshot (Figure 7-7-1) is given to show what the JUSTISE looks like in that period. 

As process I does not belong to the bottorn level, the evidence for process I is thus 

derived from its both "local evidence" based on values within six attributes, and 

11 propagated value" from its child processes 1.1 - 1.4. 

According to the "screen checklist" (Figure 7-7-2), the sub-processes within process I 

were more seriously problematic than any other process. If we follow the descending 

order of "evidence against", these top 4 critical processes are assigned with the most of 
"red" in the "Italian Flags". 
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7-7-2 Screen checklist of "scenario" by descending order ofevidencc against 

Process 1.1 "Obtaining the Project Authorisations and Permits" is valued as [0.42,0.59]. 

It was a prerequisite for all of the processes that followed. The contractor faced the 

difficulties of achieving a "Land Development License- and some other special licenses 

and pen-nits for building the utility. This was reflected as [0.28,0.4] in the "Why" and 
[0.35,0.67] in the "What" tabs. Another problem was also found in KPI list in that the 

"resettlement costs - for the local residents were very uncertain [0.5,0.981 due to the long 

time negotiation and unstable market issues such as land price. People are also an 

influential factor (shown as [0.33,0.42] in the "Who" tab as there \\ere so many parties 
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involved such as contractor, client, land planner, governmental sectors, local residents 

and others. 

The process 1.2 "Ti-eating the raw construction site" [0.56,0.73] contains the most of 
KPIs in "What" [0.63,0.81 ]. The poor site conditions ([0.5,0.6] in the "Where" resulted 
in large-scale land treatment work that brought potential danger to the local environment, 

and increased the variables in the "reci-uitinent qf local laboul" [0.6,0.8] and 

corresponding "costs 
. 
1br recl-ifiting local labout" [0.45,0.55], and the "costs of 

consh, uction vvaskýs" [0.51,0.91 

Process 1.3 "Setting up the utilitly sYstems and mobile houses in site" is ranked as the 

most critical process in the preparation stage with combined value of [0.49,0.59]. The 

attributes of "how", "what", "who", and "when" individually took 20% of the overall 

weightings. The "How" shows that the methods of "Building the utiliýv sYsteins and 

mobilefiacilities" were quite problematic [0.34,0.39] because it was restricted by the site 

condition Q0.46,0.62] in "Where", and the combined technical issues [0.59,0.731 that 

are shown as KPIs in the "What". This affected the project schedule and was valued as 
[0.35,0.45] in the "When". 

Process 1.4 "Ai-i-anging and deploying the construction site" [0.68,0.76] was sornewhat 

subject to the attribute of "Where" [0.7,0.8] taking 30% of the overall weighting. It 

becarne a very important transition process to bridge the process I and 2. It showed the 

routes for further delivery of material and more importantly the onsite health and safety 

conditions that must be ensured. A noticeable issue was found in the KPIs that indicated 
the "% qf technical check coinj)leted'. This showed much "red" in the Italian Flag [0.4, 

0.5] from a linguistic Judgment. It includes a series of pre -construct ion check activities 
(e. g. discussions on the design report between contractor and designer), which thus were 

conservatively valued at "high confidence" but "medium perfon-nance". 

An overview of the rest of the processes indicates that all of these processes were Judged 

conservatively with very low values of "evidence against", but good values of "evidence 

for" and "unknown" (e. g. [0.44,0.981 for process 2.1; [0.5,0.981, for process 3.1; [0.43, 
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0.971 for process 4, etc. ). This might be explained by people being quite confident about 
further work they still were concerned about the many "unknowns" at this early 

preparation stage. 

Scenario 2 

Scenario 2 was planned for the middle of construction period, namely during the time ()f 
processes 2.4.1 to 2.4.3. The judgments at this point took account of the investigations 
into the previous problems and examined what the new problems may ernerge. The 

combined judgments were used to forecast ftiture situations. 

In the zoomed area I of Figure 7-8 all of the sub-processes of process I have been 

reviewed under the conditions of scenano 2, and been given quite a lot of "green5l 

compared with the results in scenario 1. This is because some of the problematic issues 

in the KPIs have been properly solved since April, 2004. In process 1.1 [0.7,0.85], there 
however still remained a certain amount of "red". This is mainly because of the 
indicators of -% qf thejardstick of enWroninental In-otet tion" at value of [0.7,0.8 11, and 
the "Resettlement costs" valued as [0.72,0.941. The large-scale treatment of the raw land 

negatively affected the local ecological system. A certain amount of the lost rnarsh could 

not be retrieved. The negotiation between the investor and local residents lasted a long 

tirne. A dramatic increase in land price with the client's compensation strategy smoothed 

away the objections of the local people. 

The sub-processes of process 2.4 "Constructing Foun(4jtion ol'Area 2" [0.7,0.991 are 

shown in Fig 7-8. In the zoomed area 2, process 2.4.1 and process 2.4.3 show ar, 

excellent perfon-nance and were respectively valued at [0.97,1.01 and [0.98,0.99]. By 

contrast process 2.4.2 "Constniefing Foundational Su-ucfut-cýv (? I'Ai-ea was given a 
large amount of "red". The "What" takes 40% of overall weighting, and was 

undervalued because of its KPIs. Owing to the change of design, ail additional water 

pump needs to be installed on this level. The linguistic measurement of the KPI at [0-45, 

0.551 reflects the high confidence but low performance in practice. The correspondin8 

problematic issues could be seen at the indicators of -Resi: e ofthefinindtitional structure 
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I( 

of area 2" [0.6,0.71, and "influence by change ql'the water and electricity supply routes" 

[0.45,0.551. 

Zimmsvd Art, A 2 

The rest of processes appear to be similar to scenario 1. This is because at this stage 

people would be always confident to do the following work as the previous problerns had 

been largely solved. However there were still be a lot of "unknowns" ahead although the 

majority of the following processes were conservatively valued by nearly half of green, 

there still remained sorne "white". 

Scenario 3) 

For scenario 3, firstly we will review the results for processes 1.1 - 1.4 and processes 

2.4.1 - 2.4.3 that were updated since scenario 1. Secondly we will explore what the new 

problem issues were during the process 7 of "Fitting out and Decoi-aling"; and thirdly we 

will forecast the future for the rest of the project. The snapshot of scenario 3 and screen 

checklist are respectively shown in Figure 7-9- 1, and Figure 7-9-2. 

In the zoomed area I of Figure 7-9-1, there was a positive minor change of the result 

[0.83,0.911 on process 1.1 compared with the result in scenario 2. The investor had 

YU CHEN 
DEPARTMENT OF CIVIL ENGINEERING, UNIVERSITY OF BRISTOL IN 

Figure 7-9 Overviev., and zoorned-in areas of "Scenario 2" 



CHAPTER 7- USING JUSTISE 

increased the indicator for "resettlement costs" after long negotiations with local 

residents. At this stage, the range of white was reduced and the updated combined 

evidence is more confident "evidence for" the success of project. 

24 Zoomcd conow" 
FUXLOM arcia 

-, Ioo (r, 
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W" 
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---- -ilk- - -i 

Figure 7-9-1 Overview and 700med-in areas of "Scenario 3" 

In zoomed area 2, the processes all appeared to be going well. The technical problem on 

resize of structure caused by the installation of an additional water pump was solved 

creatively, 

The pivot of scenario 3 is to take account of all judgments on the sub-processes of 

process 7. In Figure 7-9-2 all of the sub-processes of process 7 were ranked into the top 

nine "most problematic" processes apart from process 1.1 and process 9. Although the 

performance of process 7 was previously anticipated as "fine" during the period of 

scenario I and 2, there unfortunately concerns about the project performance appeared. 
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Through JUSTISE we were able to explore the reasons by looking inside the rapid 

change of KPIs. 

Information Centre of the University of Shanghai Engineering Technology 
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Figure 7-9-2 Screen Checklist of "Scenario 3" by descending order of -evidence against- 

The first step of the finishing work, the process 7.1 of "Inslalling dom- and windmi, 

ftames" was valued as [0.58,0.71. At this stage the client felt no longer satisfied with the 

original design. Minor changes of design were addressed in "Resizing the windmi, tind 
doorfiralnes" [0.58,0.64] for a better appearance. Although the building would have 

undergone a series of "minoi- changes in struclin-al deývign- [0.7,0.81] it must be 

approved again by the designer. However the indicator of "% qfchelnges c1greed bY the 

project participant" [0.13,0.37] shows that the changes created strong objections from 

the architectural and structural designers. This created long negotiations between two 

parties. The changes also brought some difficulties in "reorganising Me supj)4v chain of 

components" [0.45,0.55] and controlling the "% ol'budget on the use ofmaterials" [0.55, 
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0.95]. The progress of project was affected in "When" [0.6,0.71 if the changes could not 

be agreed. 

The judgments on process 7.2 [0.3,0.61 ] and process 7.3 [0.77,0.82] were both subject 

to the "change (#'painting and brushing material and colours" [0.57,0.6] and "the 

difference qf'price" [0.63,0.88]. It was revealed that before project came to process 7.4 

[0.49,0.81, the original material supply chain ceased due to the failure of negotiation on 

the price and quality of construction components between the client and the supplier. 

Fortunately the situation was relieved by "resettlement ofsuppýv chain" [0.5,0.5] when a 

new supplier got involved into the project. Correspondingly the other indictors in this 

process were valued as [0.7,0.8] for "% in change qj'construction materials"; [0.5,0.6] 

for "% qf existing materials available to use"; and [0.39,0.91] for "Additional costs for 

granite and bricks". 

Due to the significant changes in process 7.4 the following processes were greatly 

influenced by some newly emerging KPIs. The main problem is that the new decoration 

components, e. g. handles, glass walls, etc., were not fully compatible with the original 
design made by the fori-ner supplier. The existing design in any details of the structure 

and architecture however could not be altered again. In this sense the new supplier and 

contractor had to find out the flexible ways to fit out their products get the decoration 

work completed before the scheduled deadline. It was therefore not confident about the 

successful completion of process 7.5 - process 7.7 in total "green", but some "red" 

remained through the conservative considerations shown for Process 7.5 [0.73,0.79]; 

Process 7.6 [0.62,0.71 ]; Process 7.7 [0.63,0.8 1 ]. 

As mentioned in 2.3.4.2, process 9 "Checking overall qualiý), " was time-related critical. 
Unlike the others such a process doesn't have flexibility of rescheduling, which means 

that it must be finished as scheduled, and all requirements had to be reached in terms of 
KPIs. The judgments on process 7.1 - process 7.7 however posed a subtle sign for the 

last process. There might be a shortening of time in process 9 because of the 
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unpredictable extension of time for resettlement of supply chain, and any corresponding 
inconveniences within process 7. It was thus forecast as the value of [0.47,0.71. 

7.2.3.5 Summary of modelling 
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Figure 7-10 Overview of Completed Modell ing 

According to the above figure, most of the key processes (process I-6,9) finally 

performed well. Although the top process was assigned with 81% of "evidence. 1br", it 

still contained 19%0 of "unknovi, n". This was mainly due to the underperformance 

produced by processes 7 and 9. The poor result on process 7 inevitably caused a negative 

"knock-on effect" on the performance of process 9, which could not be mitigated within a 

short period of time. For example, the "resettlement (? f supp4l, chain" in process 7 

resulted in a very costly and time-consuming effort to set up the relationship with the new 

suppliers by the contractor. Correspondingly the indicator of "% sati. vfied with prqject 

performance hj, contractor- was valued as [0.63,0.88]; equally the indicator of -% 

sati, ýfied with prqiect pei. -fin-mance b. v client" in process 9 was poorly valued as [0.19,0.3] 

due to client's significant changes in design during process 7. Apart from these, the 

overall judgment is also slightly affected by process 1, where the negotiation with local 

residents on the land price was controversial and the potential damage to local ecological 

system caused by large-scale land treatment was not totally removed. 

7.2.3.6 Findings 
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The "USET Project Report' compiled by SCG NO. 2, positively concluded that "... the 

project was done before the deadline and all design requirements were met". The report 
however failed to point out that the project had suffered from a number of crises during 

some extreme periods when the whole construction could have been dragged down by the 

conducts of particular project players. It is criticised in the local government's District 

Developing Strategy (2005) that: "there was a massive over budget by 30% on its 

original cost plan and a string of hidden problems still existed when the information 

centre was delivered'. 

The final USET case modelling may be a good representation of the project processes 

leading up to the reconsideration of strategic decision for the reviewing purpose. The 

JUSTISE approach enabled some significant issues that couldn't be addressed in the 

existing project report documents to be explored in next section. A holistic view of the 

project without the omission of detail was obtained. 

As the foremost issue to be raised here, according to the "USET Project Report', the 

contractor's understanding of success doesn't seem to be adequately explicit. The criteria 
for success were narrowed at time, budget, and technical specifications, whereas it should 
have incorporated a wide range of performance measures regarding for example 

stakeholders' expectations and contributions and even cultural differences. One of the 

main causes may be that Chinese practitioners do not use KPIs to manage projects. 
instead of KPIs they tend to use some simple linguistic appraisals of progress e. g. 'Yes' 

or 'No', 'Good' or 'Poor', 'Qualified' and 'Non-qualified', which are sometimes 
inapplicable, inexplicit and inadequate to measure project work across a wide range of 

aspects. JUSTISE modelling however has shown that using KPIs for Chinese project 

management is workable and helps to achieve success. JUSTISE may be able to actively 

encourage Chinese practitioners to focus more on the effective management of 

performance indicators than through their conventional methods. 

In addition to this, a notion of 'task' (in project strategy) or 'activity' (in project 

scheduling) rather than processes is used by contractors. This makes it difficult'to 

structure a project hierarchy in a JUSTISE model. Project management has been 
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incorrectly understood by contractor as a number of different tasks that were established 
before construction began. Task or activity-driven understanding of project is only useful 

when situations are fairly predictable and stable. It greatly restricts our ability to deal 

with the project changes flexibly. JUSTISE showed that process needs to be viewed as a 

way of getting from where you are to where you want to be, or be widened from many 

perspectives e. g. functions, value, supply, risk (Blockley and Godfrey, 2000). It would 
be helpful if Chinese contractors were to replace a simply structured task model with a 

more systematically structured hierarchical process-driven approach for the project 

management. 

Systems thinking creates a focus on both hard issues and soft issues. It is seen that some 

of the hard issues were solved during the construction, but that some critical soft issues 

were missed. The use of JUSTISE to drive the review provided a comprehensiveness 

that is lacking in other formal approaches to a problem of this kind. The ability to test 

both an overall view of what went on as well as the details brought out many issues. 

Chiefly the focus was on hard systems issues with an apparent neglect of many of the 

softer issues - including environmental impact. The contractor concentrated very much 

on the technical issues, e. g. the structural specifications, but didn't seem to show the same 
level of concern about the performance of other project players (soft issues). Hard 

technical issues are of course crucial but not sufficient for the successful management of 

a project. The JUSTISE-driven review showed that the technical difficulty could be 

readily solved by a series of redesigning processes and further construction works, 

whereas the client's involvement significantly affected the success of the project. Their 

decisions on some activities e. g. change of design, use of materials and later resettlement 

of supply chain etc led to crises that threatened the final success of the project. 

One of the foremost worries for the contractor was probably the insufficiency or 
inconsistency of project finance caused by unforeseen extra costs, the large variance of 

material price, and the resettlement costs. There was a difficulty in loading cost risk 
information into JUSTISE model. This was mainly because the management of cost risks 

was, very surprisingly, not a priority. For the contractor, those kinds of issues were 
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generally dealt with by the client and by government intervention through negotiations 
between them and the bank or insurers. In China, investment in many large and mediurn 

projects mainly comes from government (Liu el al, 2007). The contractor seemed to rely 

greatly on the government or client's generosity. Their attitude to the financial risks did 

not seem realistic and positive. Without this kind of support from clients and government 

the contractor is very likely to suffer big losses. This becomes a major difficulty for the 
Chinese construction industry (Zou el al, 2007). 

Except for the contractors, JUSTISE modelling reveals that the responsibilities of many 

of the project players were not clearly identified in the project report. Therefore it was 

unclear who should be responsible for a given process and whether any given process 

may have a critical impact on success or failure of the top process of the project hierarchy. 

For example, when the client made changes e. g. to the supply chain, or to the 

architectural design, there were some unpredictcd knock-on effects. 

A wide coverage of understanding and action on precautionary methods is important but 

not well addressed by construction players. For example, the modelling indicates that the 
impact on the local environment was significant. Although the government and 

contractor managed to protect the land to some degree many construction players had 

little understanding of environmental protection. The focus was thus mostly on the 
immediate construction processes with inadequate attention to the management of the 

total project life cycle. 

JUSTISE modelling reveals that it was hard to evaluate the work performed by hundreds 

of non-qualified people who were temporarily employed. Similar phenomenon has been 

criticised by Zou et al (2007) that in some Chinese construction projects, a majority of 
construction workers were dismissive of farmers and unemployed workers who started to 

work on the construction site without proper training. The overall management of project 

would be highly endangered when some unqualified staffs and poorly trained labourers 

were employed and the labour protection schemes were inappropriate and insufficient. 
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By systems thinking, we can regard those findings as 'emergent properties' arising out of 
the 'whole system of project management'. Although the findings of the case study tend 

to be discrete, they should not be used in isolation but should supplement the information 

relating to the strategies which are generated for a future project review and consultation 

exercise. A direct and effective way of improving the quality of Chinese construction 

practice may thus be the implementation of uncertainty management through systems 

thinking perspective. It can help us to realise how different parts of a system interact, and 
how to deal with them in a systemic way. 

After reviewing the JUSTISE case study on USET, the former project manager of USET 

(Mr. Yu, W. M. ) has made his critical comments on some potential benefits he has 

experienced: 

"The hierarchy ofJUSTISE modelling can be maintained dynamicallyfrom the beginning 

through to the end The process model reveals considerable "disequilibrium " by 

presenting the levels depth of analysis contributing to the three level processes. The 

more analytical processes were represented into a greater level of details, whereas the 
less structured activities could not be decomposed to a detailed degree of granularity. 
The evidence value within each process could be explored in detail where the occurrence 

and change ofKPI could be monitored. People can vertically investigate the 'relation of 

subordination' within processes along with the hierarchy; in the meanwhile a horizontal 

view of model presents people with a related sequential logic ofprocesses through the 

project time line. We can thus benefit from implementing the JUSTISE as a systems 

thinking approach to managing uncertainties as we can review the whole case study 
through a more systematic perspective, and can see some ways to further strengthen the 

strategy towards thefuture development within the post-project stage. " 

Some other comments written by some relevant research parties showing their opinions 

upon JUSTISE implementation are attached in Appendix 11. Owing to page limits the 

above discussion of the case study only provides a generalised view of project modelling. 
More details regarding the descriptions, information and data recorded within process 
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attributes and relevant KPIs can be further explored through the printable JUSTISE 

Modelling Reports and XML forinatted files in the CD-based appendix Ill. 

7.3 JUSTISE Workshop 

The case study demonstrated that JUSTISE modelling is an innovative approach to 

simulating typical Chinese construction project management practice. I lowever a single 

case study is not enough to explore the strengths and weaknesses on its application and to 

validate its practicability, applicability, and functionality. Therefore JUSTISE has to be 

implemented by more users under a variety of project conditions and environments to test 

it more comprehensively. We need to examine more widely if systems thinking can be 

used by Chinese practitioners and can work for their project management practice. 

I b", 

Picture 7-1 One Scene of Workshop. taken outside ofmcciing room a[ S(T. ( Shanghai Branch 

As discussed in Chapter 2, an early survey-based research was conducted to address the 

need for developing a systematic approach to managing risk and uncertainty for Chinese 

construction industry. With the generous help of SCG and CSCEC (China State 
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Construction Engineering Company) a workshop was conducted in April 2006 at the 

meeting room of CSCEC, Shanghai Branch. It was therned as "JUSTISE Workshop" and 

aimed to prornote the joint developments in system modelling to engineering projects. 

The above picture (Picture 7-1) was taken outside of the meeting roorn during a break. It 

shows the author with representatives from the Disney Resort Project Team of CSCEC, 

Hong Kong Branch. There were 38 attendees from a wide range of representatives 

including local acadernics, overseas engineering consultancies, governmental authorities, 

domestic engineering and construction firms, and real estate development firms. 

Session I 

The workshop was split Into two sessions. The first session was dedicated to JUSTISE 

2.0 software dernonstration, where a pre-built model of "Constructing a Gal-age" (see 

Chapter 6) was presented and discussed. During the first session, the attendees' 

responses to the methodology and modelling approach were positive and encouraging. 
The expression of the systern elements in terrns of processes, attributes and the 

hierarchical breakdown structure of project activities seerned to largely match the 

Chinese practitioners' understanding of project management. Sorne of attendees 

considered JUSTISE to be quite different frorn other tools they have used. The English 

language version was an obstacle for a quick understanding of the software. The novelty 

of the approach was appealing. A number of positive suggestions and comments made 

the demonstration worthwhile. 

"... JUSTISE looks great on the demonstration! it is supposed to be a good tool to deal 

with real proiect case Under uncertainties and risks. For example, we do care about time 

management as 40% (ý/' our project couldn't be completed on time. It seems that 
JUSTISE can do this job quite wise/v with interactive supporifi-om MS Project that 
however doesn't have. functionality in uncertaintv management. 

Pacýfic Construction Co. Ltd. 
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"JUSTISE seems to do the exactly same work as we want to do. So far, we have not yet 
implemented itfor our project but it is really promising to have its potential to do things 
better. " 

-- No. I Co. Ltd SCG 

Some of the participants indicated this system modelling approach could be useful for 

policy makers as it could enable the investigation of interrelationships and impact that a 
process may have on other processes and on the overall performance of system. Some 

thought that JUSTISE could be used not only for project analysis but also for building up 
a project organisational structure. People from the real estate development firms believed 

that JUSTISE modelling could create some benefits from improving their marketing 

performance as the attributes could be exactly matched with their strategy where any 
hidden risks and uncertainties could be clearly identified and managed. 

Session 2 

The second session aimed to establish a range of jointly recognised criteria on assessing 

and validating JUSTISE once applied in practice. This gave an opportunity for some of 
the attendees to observe how the software could be used for building system models in 

actual practice. They were able to comment and express their concerns about different 

aspects of potential applications. 

Kirakowski (1996) proposed SUMI (Software Usability Measurement Inventory) as a 
rigorously tested and validated method to measure the software quality from a user 
perspective. It defines five obstacles towards "quality-in-use", which are Efficiency, 

Affect, Helpfulness, Control, and Leamability. These five aspects however tend to be 

quite abstract, and require modification if the system under analysis does not Possess all 
of these facets (Stanton et al., 2006). Ilowever they were of use in finding a way to test 
and validate JUSTISE. 
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Any software has its own characteristics in use and needs to be assessed differently. In 

stead of those five "obstacles", the "quality-in-use" for JUSTISE might be identified as a 

need to achieve "mulliplefunctional performance". . 

In practice, however, not much attention is given to this issue. This is because the user 

often does not have the knowledge, instruments and/or time available to assess software 
functional performance. Session two addressed possible solutions to these problems. It 

was an intensive investigation of user's attitude to the use of decision-support software. 
It was carried out from an initial brainstorming to a series of further individual interviews 

conducted between the author and attendees to find out "the most remarkable points" 
based on the interviewee's own circumstances. A series of face-to-face interviews were 

conducted to externalise the thoughts that all parties could understand and accept. The 

majority of attendees had experience of using professional software for their management 

practice. Their knowledge, experience and expectations could be thus very important and 

essential to encourage the growth of a use of JUSTISE. Although building consensus of 

assessment criteria among people was hindered by basic disagreements on commonly 
held values and their metrics and attitudes, the author believed it could be supported 

through restructuring the attendees' answers towards "what aspects of functional 

performance should be achieved in JUSTISE application". 

The feedback from the JUSTISE workshop provided the basis for the design of 

questionnaire. The author considers that the same decision-support software may be 

used by different people for different projects where the assessment of criteria on its 

performance tend to be quite dispersed and may not be well matched to the real case 

conditions. Hence, some necessary corresponding adjustments on some criteria 

supplemented by the author's reflection on engineering design were made. The final list 

of assessment criteria was derived from a consensus across all attendees. The list was 

reviewed by the YTS (Young Talent Strategy) Board of SCG and a range of departments 

of SCA (Shanghai Construction Association) to determine its clarity and usability. To 

achieve a consistent and objective purpose, the questionnaire was formatted through IT 

support. It has experienced a series of effective analytical and reporting processes from 
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further authorised user feedback on use of JUSTISE since it was firstly publicised in july 
2006 at www. wisdomcatcher. com. 

7.4 JUSTISE Survey 

7.4.1 Establishing the assessment criteria 

The questionnaire consists of 12 assessment criteria shown as below. It requests 

practitioners to associate each criterion with a single choice from a range of linguistic 

terms on "Excellent', "Good', "Neutral", "Poo? ', and "Very Poo? '. The details of 12 

criteria are as follows: 

1) Promoting executive managementfocus %, ith controllable andfriendly interjrjace 

support. This emphasises the foremost purpose of decision-support software. On 

one hand, the software has to be implemented with a straightforward focus on the 

risk and uncertainty management (quality-in-use); on the other hand the software. 

must provide a series of controllable and ffiendly interface-based functions when 

applied (easy-to-use). For example, although JUSTISE is developed for academic 

use only, the bugs must be removed before it is used in practice and its interface 

should not confuse the user. 
2) Encouraging public learning and understanding of methodology. Any further 

advanced study into the methodology has to be supported by a series of constant 
learning processes by users. Systems thinking may be a new approach for rnany 
Chinese practitioners. The understanding and learning of knowledge or 
experience should thus be promoted, disseminated and shared by all players 
including stakeholders through the use of software. The software is Supposed tn 
simplify the decision-support processes in an understandable systemic manner. 

3) Setting up the system's hierarchy, processes andfacilitating the cross-process 

controL This is a crucial capability for a proper analysis of uncertainties for 

complex projects. Systems thinking methodology encourages a clear structural 
design that helps users to appreciate the nature of project in detail and to explore 
the issues hidden behind the project. 
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4) Identifying responsibility of work and ownership of project process. This is 

sometimes ignored by project participants but actually a very important issue that 

helps to indicate who is responsible for which part of the work. Responsibility and 

accountability should be clearly traceable in the management structure when 

negligence of duty or any other relevant controversy is found. 

5) Identifying risks, uncertainties and articulation of corporate objectives. This is to 

clearly set up the linkage between corporate objectives and any potential risks or 

uncertainties. It strengthens the understanding of corporate objectives and gets 

those closely connected with the corresponding performance. It also helps to take 

precaution against any failure of achieving objectives at the early stage. 

6) Promoting lifecycle control of a project. This is the need to promote a project 
lifecycle with services to offer a comprehensive project management. JUSTISE is 

required to manage all stages of a project and enter into each different stage based 

on the particular natures or requirements of a project. For the contractors they do 

suggest such functionality to be a crucial issue in practice. 

7) Facilitating the project review, report and reuse of information. A review of 

clients' and stakeholders' performance should not be omitted in construction 

management. The software should aim to provide user a reviewable angle to 

assess on any of details of completed work. It is expected to enable an editable 

and printable functionality within a range of practices used by organisations 

(including contractors, designers, clients or any stakeholders) to promote reuse, 

awareness and learning of knowledge and experience. 
8) Managing stakeholders and customer This is to clearly establish a monitoring 

perspective towards the client objectives, brief scope, progranune, and budgets for 

the proposed work under a variable situation. It should be given high attention by 

Chinese contractors in assessing any activities that clients or stakeholders may 

undertake during the project as some critical changes of mind, attitudes on design, 

process, or systems by clients or stakeholders become vital factors to the final 

success of project. 
9) Driving a focus on time management presents a key functionality to plan or 

undertake rapid reactions on rescheduling the work when any time-related critical 
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issues occur. It should enable a live capture of work with the appropriate resource 

allocation through the critical line identified by user. 
10)Facilitating the recuri-ent budget management is a functionality through which 

the user can monitor and forecast the operational condition of the budget and take 

precaution against any uncertainties caused by the variables at any stage of project. 
1) Enhancing the fle-vibiliti, (? /' implementution is a common issue raised by a 

number of professional software users. The flexibility implies the software 

should be used and adaptive to any kind of project management at any scale of 

project by any kind of personnel. In addition, the flexibility needs to extend to 

include other outsourced software. 
12) Monitoring and maintaining Me qvnamic chaikiýc (? I' pet. -fin-mance indiCator 

requires that the software should not only he implemented to reflect the situation 

at a specific point of time, but more importantly to enable a live capture of data, 

infori-nation or knowled-uc to compicnient the knoN% le(luc base and response to the 

user in time. 

7.4.2 Analysis of results 

aI Inrwsit y Ac adernic s 
a Go"irinwriflal Authorities 
a Overseas Engineering Consult ai 

Real E slatit Develo ment F p irms 
Systems Group Members 

nNul ubmdlod 

-. j6- OErvois of obliterated data 

I- L3 ý Ll Elp C3 L-P Lj, L L-ý Ol --5 Construction University Govenvnersal Ovws*as Real Estate Systems Not subirviled Errors or 
Cord, actors Academics Authorities Engmering Dvwiw w0 Group oblilersted 

Consultencies Firms data 

CategoiV of Attendees 

38 people (35 attendees from the Chinese workshop and 3 from the University of Bristol), 

who have been authorised to implement JUSTISF. In tact, inore than half of the 

respondents (67%) held senior positions. such as general manager. chiefengineer. They 
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were requested to submit their experience of implementation by going through the online 

questionnaire at wisdomcatcher. com. The questionnaire was made in both Chinese and 
English with respect to the language preference of Internet Explorer set by the user. A 

total of 32 valid feedbacks have been collected so far and coloured in blue in table 7-3. 

For the rest of 6 in yellow, 4 users didn't submit their feedbacks yet, another 2 users' 
feedbacks contained incomplete contents and some obliterated data caused by the system 

errors. 

Table 7-4-1 inaps the results of the questionnaire. 

M IT 
4 Of 1 1- 7 

I able 7-4-2 1 he combined line chart of questionnaire results 

YU CHEN 
DEPARTMENT OF CIVIL ENGINEERING, UNIVERSITY OF BRISTOL 

iblc --' 4- 11 lic Illic 



CHAPTER 7- USING JUSTISE 

The X-axis represents the assessment criteria and the Y-axis represents the accumulated 

number of feedback. Ile line chart looks quite intricate but can be in general 

summarised as follows: 

* The blue line for "Excellent' indicates "maximum value variation" with a wide 

range of values; 
By contrast the purple line for "Very Poo. -I' indicates "minimum value variation- 

with low variation. 

e Most of users selected "Poo? '(light blue line) in criteria No. 6 and 7. Criteria No. 

2,10 and 11, were all assessed as "Neutrar'(ycliow line) by 12 users. 

A pleasing circumstance took place in the assessment on criteria No. 1,3,4,5,8, 

and 9 as the number of user in favour of "Excellent' outweighed the others. in 

particular, apart from No. 8, there is no person selecting "Very Poo? '. It 

undoubtedly showed that majority of users felt happy to implement JUSTISIE 

according to these criteria, and was followed by some comments below: 

"It is good to see that JUSTISE can really work with people. It provides an interactive 

view to see different project p*ers' data cross the sectors, and also sets 1P a good link 

to our databasefor real teamwork " 

-DVA Intemational Co. Ltd. 

"JUSTISE simplifies the way of managing risk and uncertainty in a project. It shows me 
the way to identify, and explore the risk and uncertainty more easily without omissions of 
objectives ". 

- Yi Shan Rd Tunnel Projccl Tcam, SCG No. I 

In order to simplify the chart to gain further understanding, table 74-1 has been rewritten 
as table 74-2, where the number in favour of "Excellent" and "Good' were combined as 
green line, and correspondingly the number in favour of "Pooe' and "Very POO? ' were 
combined as red line. The combined line chart highlighted the "most remarkable points$% 
failing in the red line. Apparently, criteria of No. 1,2,3,4,5,8, and 9 were all evaluated 
either "Excellent" or "GooX. By contrast, No. 6,7,10, and 12 became the most 
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problematic issues where 14,17,13 and 14 users respectively selected -Poo? ' and "Very 

Poo? '. Those thus should be given more attention. 

Nearly 43.75% (14/32) of users thought "Promoting the lifecycle control of a project" 

either "Very Poor" or "Poor" upon the functional performance. The reason could be 

explained by a commonly quoted issue that JUSTISE does not well support live control 
functionality over the operation of project without switching off a running control 
interface. JUSTISE can only display a still status for a specific stage and is unable to 

catch a comprehensive perspective of all stages as lifecycle control critically required. 

There were over 53% users thought JUSTISE "Poor" and "Very Poor" on the criteria of 
"Facilitating the project review, report and reuse of information". People were critical 

of there being no formalised templates through which users can quickly draw the 
hierarchical structure. Most of users suggested JUSTISE should have to be further 

developed to incorporate a powerful capability to reuse information and to facilitate 

knowledge support. 

There were few positive votes for "Facilitating the recurrent budget management", 

whereas around 40% (13/32) of users considered it either "Poot" or "Very Po&", and 
31.25% of users (10/32) remained "Neutrar'. The decision-support on managing 

uncertainty in cost control is stressed by users to have a rapid-response capability of 
handling changeable financial circumstance, which may trigger a large fluctuation of cash 
flow, and be vital to the final success of project. It was commented that JUSTISE 

unfortunately enabled a fairly limited control over budget management. Financial 

managers were not willing to use its embedded graphical functions. 

Equally, the results for "Enhancing theflexibility of implementation" were poor (31.25% 

for "Poor" and "Very Poo? '). Although JUSTISE tries to integrate all aspects of project 

with the consideration of uncertainty and risk it was felt that it seems unable to manage 
the huge amount of data inputs when the project is at a very large-scale. Some users tried 

to implement JUSTISE for non-project driven purposes, such as a simple demonstration 
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of a product which did not seem to work. Some users also were critical that JUSTISE 

was too process-driven and hence missed out some flexibilities, such as being used to 
analyse the specifications of product with the implication of uncertainty. Some users 

commented that the function of "project tool" is difficult to manage. Tle capability Of 
interacting with outsourced software doesn't look that strong. 

The functionality of "Monitoring and maintaining the dynamic performance change" is 

very important to the overall functional performance. Unfortunately it was assessed 

poorly by 43.75% (14/32) of users who regarded JUSTISE either "Poor" or "Very Pooe, 

on this issue. It has been critically commented that JUSTISE is not online supported. it 

can be used to simulate a completed project but not be suitable for a live one. It cannot 
be used by more people at the same time in different sites for the same project. It seerns 
to limit people to share and modify data or information within a dynamic environment. 

The result for No. 2 "Encouraging the public learning and understanding of 
methodoloe' revealed a subtle circumstance where the number in favour of "Excellent + 
Good' was almost the same as that of "Poor + Very Poor". Some users commented that 
the most of fundamentals of JUSTISE methodology were applicable and understandable. 
The use of mathematic algorithm however became an arguable issue as they required 
further tutorial on the maths, especially on the Interval Probability Theory (IPT). Some 

users showed their worries on its limited practicability to the public. For example, 
JUSTISE was entirely made in English, which caused a difficulty in reading and 
understanding some points without the author's instruction. Some people suggested 

setting up an online platform where users may populate models for the share of 
knowledge. 

7.4.3 Observations and discussion 

Systems thinking, as a holistic approach to problem solving (White, 1995), has beeri 

applied in JUSTISE. Although an analysis of the key characteristics of JUSTISE has 
been discussed, there are a numbers of findings and implications through which JUSTISp 

can be improved. 
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Uncertainty is critical to organisation and management theories, and has been central in 

explaining the relationship between organisations and their environment. Cross-cultural 

studies indicate that people perceive and deal with uncertainty differently across cultures 
(Nardon, 2006). Individuals tend to choose between risk-avoiding and risk-accepting 

strategies guided by their culture and social context (Thompson, 1980). Improving the 

organisational change and management of culture became a special point emphasised by 

some users. JUSTISE includes the concept of managing people and associating them 

with uncertainty measurements throughout the project, but it is still a challenge to help 

people measure organisational performance against organisational. goals, monitor 

progress toward the goals, and make adjustments to achieve those goals more effectively 

and efficiently. The management of culture is still an issue to be explored. 

Decision-support should be generated by adapting the solutions of similar problems. 
Enhancing the knowledge management practice is thus important and can be realised by 

effective project review and efficient reuse of knowledge based on the past experience or 

any others. This new paradigm within increasingly uncertain and complex business 

environments with dynamically evolving performance outcomes are the key drivers of 
how smart minds use smart technologies to leverage strategic opportunities and 

challenges. Effective learning from past work can boost corporate adaptability. For this, 

people want to explore if JUSTISE can help a firm to become more adaptive. Although 

JUSTISE highlights reviews of performance and can produce project reports, there still 

remains an issue in respect to what extent JUSTISE could enhance knowledge 

management during the off-project periods. JUSTISE needs to be equipped with a 
database system to enable the efficient reuse of knowledge and information. This could, 

embody organisational processes to seek synergistic combination of data and information 

processing capability with the creativity of human beings. 

Encouraging the individual performance appraisal (IPA) is widely carried out in majority 

of Chinese construction firms, but is always done after the completion of project. The 

purpose is to comply with the "corporate reward policy" (CRP) in accordance with the 

result of individual performance appraisal. Some users suggested that the IPA should not 
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only be carried out in the completion stage, but more intensively applied into any stage of 
project to get a live capture of information on IPA through JUSTISE support. JUSTISE 

could be used to more effectively identify organisational goals to be accomplished; to 

communicate individual and organisational goals to employees that support the overall 

strategic mission; to monitor and evaluate employee performance, and use performance 

as a basis for appropriate personnel actions; to reward noteworthy performance and take 

action to improve less than successful performance and assess individual competence. 

Establishing and updating the criteria for evaluation of risk and uncertainty can be carried 

out as project evolves. Some governmental authorities pointed out that they had to 

constantly synchronise their criteria in respect to the any unexpected changes caused by 

the internal transference, market fluctuation, bureaucracy etc. JUSTISE needs to drive a 
quick response to any variables and get the criteria for evaluation changed. 

Enhancing policy making and strategy planning is a common expectation raised by rnariy 

of users. They want JUSTISE to help affect decision-maker to enhance project policy 

and modify corporate objectives. In the Chinese construction industry a book called 
"General Safety Rules" must be strictly adhered to by a contractor but it needs to be 

continuously updated as new safety requirements are created. One of the extreme cases 

mentioned by CSCEC representatives is Hang Zhou Bay Cross-strait Bridge Project, iri 

which over 289 new key safety indicators were identified and over 38 key technical rules 

were imposed but none of these were known before construction work began. 

Facilitating social liaison is a new term suggested by some overseas engineering 

consultancies for managing the stakeholders and clients. Unfortunately it seems to be 

rarely addressed in Chinese construction practice. Even internationally, few approaches 

are specifically designed to incorporate multiple stakeholder perspectives (Linkov et al, 
2006). Any project may be concerned with a wide range of stakeholders. Their social 

relationships should be assessed and maintained towards a long-term strategic partnership 

rather than being undermined by cheat, distrust, or unstoppable disputes. JUSTISE is 
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thus expected to facilitate the social liaison with any directly or indirectly associated 

stakeholders to help them maintain a long-term business strategy. 

Facilitating sustainable management of resource allocation and utilisation is a key to 

securing high quality construction practice and delivering a quality product to the 

customer. Sustainability in practice covers a wide range of issues regarding labour, time, 

utility facilities, money, machinery, natural resource etc., to which a number of 

corresponding risks and uncertainties may be related. People from SCG commented that 

at the current stage JUSTISE was very limited in taking over the overall management of a 

project resource. New thinking can be extended to take account of the implementation of 
"value management" that helps people explore a number of initiatives through 

understanding both values and value in process, project, and organisations. It can be 

realised by embracing more soft issue such as willingness to share the information; 

commitment to outcomes; actors' attitudes, as well as hard ones such as the performance 

of a machine; environmental assessment impact into the "why' and "how" attributes. 

Improving synergy with other IT systems is an important need. We need to develop 

JUSTISE to enable it to interface with a range of software such as Matlab, MS Office, 

public servers, and corporate database systems. People from Systems Group suggested 

that JUSTISE should enhance its visual function to provide decision-maker a 

multifaceted angle to review project performance. The application of JUSTISE should be 

more flexible to take advantages of other tools. 

Improving quality assurance is the need to make JUSTISE gain full visibility of the entire 
development of project and to push QA into every practitioner's work, and empower the 

practitioners to check any performance indicators within the processes to ensure the 

requirements are met through the practice. 

Improving supply chain management was rated as important by many workshop 

attendees because forward-thinking management knows it is the best strategy to increase 

and maintain market share, reduce costs, minimise inventories and, of course, improve 
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profits. For this purpose JUSTISE can be used to take overall control of supply chain for 
better management. There is an evcr-incrcasing need in Chinese construction industry to 
transform from dysftinctional and unsynchroniscd decision making-which results in 
disintegrated and very costly supply activitics-to a supply chain that perforins in such a 
way that and takes critical account of the risk and uncertainty management, and becornes 

one of the company's competitive advantages. 

Enhancing the capability of handling multi-project coordinated management for 

JUSTISE is a new challenge posed by some users, in particular by some large-scale 

contractors who want to manage a number of projects within a certain period of tirne. 

Although multi-project coordinated management method has been discussed by 

academics (e. g. Shi and Chen, 2006) and been practiced by Van Der Mcrwe (1997), it 
doesn't seem to be taken into account with the application of decision-support software. 
With designed evaluating modules, JUSTISE can be possibly used to enable a 
comparative view on different projects for searching an optimal plan. 

It has to be noticed that all these points cannot be viewed separately as they are all 
closely related. An integrated view of these should be taken to achieve the 

comprehensive understanding of potential development. At present JUSTISE is software 
for research purposes only and is been still evolving. 
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7.5 Conclusions 

e The implementation of JUSTISE for the project of building the "Information 

centre of USE7" has been retrospectively analysed to demonstrate the process 

modelling techniques developed in this thesis. Using the documented evidence 

and project participants' information, process models have been constructed to 

identify the sources of uncertainty and explore the critical features of the scenario- 
based decision process modelling with various performance indicators leading up 
to the final decision. The uncertainty representation in JUSTISE provided a basis 

for inclusion of objective data and subjective opinions into a single framework 

through assembling evidence from documentary sources and extemalising the 
knowledge, forming a basis for consensus building and informed decision-making; 

9 Through JUSTISE a simulation model of the case study showed that the overall 

project performance was fairly problematic. Not much attention was given to the 

soft issues such as a shortage of concern for the information needs of other parties. 
Although the project was completed within timescale the client's decision-making 

and some knock-on effects had significantly undermined the overall project 

performance. The issues were not addressed during the construction work by 

contractor; 

9 The case study showed that the understanding of success by Chinese practitioners 

was inexplicit and inadequate. The most significant leading cause may be that 
Chinese practitioners do not use "KPIs" to manage projects. The contractor tends 

to focus on task rather than process. The contractor does not seem to have a 

realistic attitude to the control of costs. They only addressed hard technical issues, 

and some softer issues were overlooked. Hence, some emergent issues, e. g. 

environmental protection or recruitment of labour were neglected and were not 

well implemented. The dissemination of systems knowledge hence becomes 

essential for the Chinese practitioners in order to improve management quality. It 

may also require further work for rethinking Chinese construction industry in the 

future. According to the case study, more exploration of the use of JUSTISE is 

worthwhile for the practice of Chinese construction management. This is because 
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JUSTISE has been used to explore points that were not explored before and 

appropriately reflects a systems thinking perspective to manage projects. 

* JUSTISE needs to be validated through being placed in the real settings to 

manage numerous cases by different practitioners. As JUSTISE is still in its 

infancy the validation process will take some time. The recent effort to widely 
introduce modelling approach and JUSTISE through the interaction with people 
has been positive and valuable, both at workshop and the individual interviews. 

A comprehensive assessment perspective needs to be established so that various 

users can appreciate and relate their own interests. Joint intelligence will produce 

a list of criteria for the assessment of the performance of JUSTISE. This was 
bachieved by an e-questionnaire at www. wisdomcatcher. com which has been 

completed by some authorised users; 

The analysis of the results of the questionnaire reveals that JUSTISE is judged 

well in some aspects, such as "Promoting the executivefocus and controllable 

support"; "Setting up the systems, processes and internal controls ofproject ". 13y 

contrast its performance was judged poor in "Promoting the project lifecycle 

control"; "Facilitating the project review, report and reuse of information"; and 
"Monitoring and maintaining the dynamic performance change "; 

More and more Chinese construction practitioners are realising the importance of 
implementing systems thinking and been encouraged more actively to seek for 

advanced tool to improve their project performance by "doing it differently',. 

Some of them have benefited a lot from intensive application of software. The 
feedback provides influential evidence towards establishing the practical plank of 
the research, and unveiling the needs for further work; 

The use of JUSTISE is still exploratory but the future development looks 

promising. According to the observations, modelling approaches into a wide 

range of practical aspects is needed. Inadequacies and shortcomings in use rnust 
be identified and removed to improve performance. 
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CHAPTER 8 CONCLUSION 

8.1 Objectives 

The objectives of this chapter are to: 

" review the ways in which the research work has achieved its objectives; 

" present the key areas of learning and original contributions; 
" revisit the key research objectives; 
" present some reflections on the research; 

" propose some suggestions for future work. 

8.2 Key Contributions 

The central thrust of this thesis is: 

to support decision makers in the Chinese construction industry to deal with complex 

systems by implementing an integrated approach to managing risk and uncertainty to 

achieve enhancedproject performance. 

This "active researcW' programme is intended to contribute to a continuous understanding 
by encouraging the development of systemic approaches to tackling problems in a 
complex world.. The major contributions are: 

0 Establishing the WISDOM framework 

An advanced framework has been set out to integrate a web-based information system 
(WIS) with a dynamic operating modelling (DOM). The DOM reflects the basics of 
systems thinking using hierarchical interacting process holons with comprehensive 

attributes. The WIS needs to be further developed. WIS and DOM together are a 
theoretical foundation for research to put systems modelling into construction practice. 

0 Writing JUSTISE software 
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JUSTISE stands for "Joined-Up Systems Thinking for Integration and Synergy ill 
Engineering". The JUSTISE software is a primary result of this research. It was 

produced from its sister software PERIMETA by introducing new functionalities with 

new interfaces to make it more suitable for project management. The new features 

include: 

* An enrichedperformance monitoring interface 

The fundamental data processing module has been restructured. The controlling interface 

is more user friendly where the users' ideas, options, and project data can be readily 

manipulated using the inside property panc. The main pane provides an interactive space 
for users to design the hierarchical structure of project processes. The whole interface 

enables the user to get a holistic view over the project by measuring, monitoring and 
maintaining KPIs associated with a given process. 

Help in managingpeople 
JUSTISE helps people manage, communicate and liaise with other people by providinga 

tool through which information about roles and responsibilities can be shared. Data. 
includes a project player's role, position, and descriptions with personal data links. Each 

player is associated with one or more processes and allocated into one of the three groups: 
team member, clients or stakeholders. Each group can be assessed where'and as 
appropriate based on the information provided in the "Who" list. 

9 Providing a link to MS Projectnt for time management 
JUSTISE can be used to manage time information obtained from a critical path analysis. 
A way of linking NIS ProjectTm (MSP) to the JUSTISE interface has been written Br 
transmitting critical time parameters generated in MSP. The transfer is realised by 
"Project Tools" with two functions: importing data from JUSTISE to MSP, and_ 
exporting data from MSP back to JUSTISE. 

* Incorporating new simplified calculation algorithms 
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As well as the mathematical algorithms for the propagation of interval probabilities 

already incorporated into PERIMETA, JUSTISE now incorporates a new pair-wise 

combination algorithm developed by Blockley (2007). The mathematical details of that 

algorithm was not part of this research but was developed during this research 

* Incorporating an auditing screen 
JUSTISE enables users to leave timed comments and reviews in the attributes tabs of 

each process to allow the production of transparent audit trails for future use during a 
formal audit. The screen checklist allows the user to investigate all critical processes 

selected in order by chosen criteria. It provides a warning about the most problematic 

processes that need attention. 

; Delivering an enriched reportformat 
USTISE has been written to produce two types of PDF-formatted reports: a KPI Report 

and a Node Report. The "KPI Report" includes all information associated with process- 

related KPIs with a diagrammatic interpretation. The "Node Report" delivers an 

overview of model and measurements of the attributes of each process. All processed 
data and input information can be converted and wholly reflected on the reports, which 

can be printed as needed. 

* Providing access to external environments 
JUSTISE can work with a web-based validation system which has been realised at 

website called www. wisdomcatcher. com. Any feedback or experience in implementing 

JUSTISE can be collected from the site by the author who can then write software 

updates. 

0 Establishing wisdomcatcher. com 

Wisdomcatcher. com was established to communicate the conceptual framework of 
WISDOM (web-based information system + dynamic operating model). The website 

provides an interactive channel and a sharable knowledge base by publishing research 
information e. g. news and JUSTISE modelling cases made by users. The website also 
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disseminates systems thinking knowledge into a wide range of engineering practice to 
initiate joint industrial research work. Most importantly, wisdomcatcher. corn has 

established an interactive validating database system of JUSTISE, through an online 

questionnaire. 

0 Maintaining close contact with the construction industry 

The research has benefited from the constant dialogue between the author and a number 

of Chinese construction professionals. Ile geographical difference has been ov ercorne 
by the author's frequent participation in a perfortnance-drivcn survey on the Chinese 

construction industry, seminars and workshops that were mostly held in China. it is 
hoped that a long-term academic bridge has been built up between China and UK to aim, 
at applying the systems thinking knowledge into Chinese construction practice. Similar 

work based on JUSTISE has been conducted in Saudi Arabia for improving contracting 

performance (Omar Hashim, 2007), and in Italy for evaluating the safe-guardability of 
nuclear plant (Guido Renda, 2008). 

8.3 Revisiting Objectives 

The research objectives set out in Chapter I were: 

0 To write a critical account ofboth Chinese and UK's construction industry . 
The issues important in UK construction industry practice addressed by the movements 
for 'Constructing Excellence' and 'Rethinking Construction' have been reviewed and 
found to present a rational reference model that the Chinese construction industry n iay 
also follow. The concept of combining the risk with performance is being implemented 

in much of UK construction practice but fairly inadequately in China. 
ý 

Chinese 

construction professionals arc suffering from poor performance. It is suggested that thejr, 
is a need to take an in-depth view to inspect their performance, through identifying and 
evaluating the critical risks, and exploring the lcvcls of criticality together with 
responsibilities. 
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An investigation into the performance of Chinese construction industry (CCI) has been 

performed. The most critical risks found are "low construction productivity". "cost 

overrun", "failure in quality control", "delay of completion" and "corruption and 

governmental interference". Those arc mostly undertaken by contractors during the 

construction process. A UK workshop revealed that, although numerous attempts are 
being made to improve practice (e. g. bench marking, partncring, value management), 

many UK construction actors still fccl very uncertain about how to deal with risk and 

uncertainty. The need for a more advanced tool to manage risk and uncertainty is 

apparent. 

0 To review current best knowledge 

Engineering problems are often complex, multi-dimensional, and wicked. The rethinking 

of risk and uncertainty provides us a new philosophy of studying complexity to solve 

tame and wicked problems through concentrating our decision-making practice on the 

management of uncertainty. An investigation into decision theory and decision-making 

methods revealed that the traditional decision-making methods are not adequate to tackle 

wicked problems within complex systems. There is a need to take an integrated approach 

to the management of uncertainty into the decision-making processes and design of 

engineering systems. There is a need for improved tools. The attempts to integrate 

probability theory with evidence theory keep the advantages of probability theory as well 

as allowing imprecise information and patterns of incomplete data. It is suggested that 

the extension of work using pair-wise combination can simplify the analysis of 

uncertainty and produce a capability to handle uncertainty in a decision-support system. 
The methodologies of knowledge management and engineering design become two 

essential parts for building up a new DSS. 

0 To review "systems thinking" methodology 

Systems thinking has been a common theme through the research with the aim of 
integrating process, purpose and people. A review of systems thinking has shown a 

generic paradigm for understanding complex and interdependent processes with a 

combination of soft and hard systems. Systems thinking has been implemented through 
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the idea of a holon (something that is simultaneously a part of some other whole and 
itself a whole), connectivity (a thread interconnecting processes and forming a logic loop 

rather than a straight line), and process. Process is a key component of systems thinking, 

providing a skeletal structure for describing and understanding entire systems. The use of 
hierarchically arranged process models has been implemented to improve the robustness 

of the decision support system design. Each process is analysed and managed to improve 

their performance through subjective and objective measurements. 

0 To propose an integratedperformance monitoringframeivork through WISDOM, 

PERIMETA software was found to be inadequate in acquiring information in the 
following ways; ensuring data is up to date; clearly categorising KPIs; focusing on 
"responsibility" and "accountability"; combining "soft" issues with "hard" ones; 
highlighting human factors; providing flexible evidence input; managing time parameters; 

providing an auditing view and incorporating a validating system. 

WISDOM keeps the merits of systems thinking methodology and addresses the 
inadequacies in PERIMETA. DOM is a Dynamic Operating Model that presents a 
systemic way of modelling project processes. Its operation is fed by the information 

from WIS - Web-based Information System. 

WISDOM has some practical limitations constraining its full potential. These are: 
"multiple IT skills", "interdisciplinary constrains of knowledge base", "consumption of 
time and money", "people issues", and "legal issues". 

0 To design a decision support system- JUSTISE, and svisdomcatcher. com 
JUSTISE is an IT tool to facilitate the potential of systems thinking based on interacting 

process holons with a numerical measurement of evidence. The visual representation 
based on the Italian Flag in JUSTISE provides a basis for including objective data and 
subjective opinions into a single framework. Evidence is assembled from documentary 

sources and external knowledge to build consensus building and to inform decision- 

making. 
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Some of the enabling computer technologies have been used to develop a further 

database through "wisdomcatcher. com". The online questionnaire collects users' 

experience from which updates can be designed. 

0 To implement JUSTISE and analyse the results of the e-questionnaire 
A model in JUSTISE of an actual Chinese construction project revealed some of the main 

problems. The contractor tended to focus on task rather than process for project 

management. The contractor does not seem to have a realistic attitude to the cost control 

and only seemed to address hard technical issues. Some of the softer issues were 
therefore neglected - especially information on the conduct of the parties to the project. 
The responsibilities of project parties were vaguely identified. There was an inadequate 

attention to the project life cycle e. g. environmental protection and recruitment of labour. 

It was found that some knock-on effects caused by the client's decisions had significantly 

undermined overall project performance and had not been addressed by the contractor. 
However systems thinking reflected by JUSTISE model can help to improve the quality 

of management. 

A comprehensive analysis of the attitudes and feelings of various users of the software 
are essential to test how JUSTISE will work in practice. A list of criteria for assessing 
the functional performance of JUSTISE have been created as follows; "promoting 

executive management focus and controllable support ", "encouraging public learning 

and understanding of methodology", "setting up the systems, processes and internal 

controls of project", "identifying responsibility, ownership of risk and uncertainty 

management", "identifying risks, uncertainties and articulation of corporate objectives", 
"promoting lifecycle control of a project", "facilitating the proJect review, report and 

reuse of information", "managing stakeholders and customer", "driving a focus on time 

management", "facilitating the recurrent budget management", "enhancing the flexibility 

of implementation", and "monitoring and maintaining the dynamic change of 

performance indicator". 

YU CHEN 
DEPARTMENT OF CIVIL ENGINEERING, UNIVERSITY OF BRISTOL 



CHAPTER 8- CONCLUSION 

After the analysis of the e-questionnaire, it was found that JUSTISE works well for the 

majority of functions when being applied in Chinese construction environment. However 

it works poorly for some others e. g. facilitating a project review, report and reuse of 
information, monitoring and maintaining the dynamic change of performance indicator 

8.4 Future Work 

More work is required in a number of areas: 

8.4.1 Developing JUSTISE software 

The tests of JUSTISE have revealed the need for a number of improvements. There are 

two aspects: easy-in-use and quality-in-use. A critical review of JUSTISE 2.0 was made 
by Omar Hisham, (2007) on the "easy-in-use" aspect. A key point is that to make 

applications more manageable there is too much repetitive work. More flexible control is 

required when inputting the attributes of -who", "what". and "when". A number of 
issues discussed in Section 7.4.3 can be used to supplement some new ideas for 

developing JUSTISE. 

8.4.2 Constructing a joined-up web-based intranet 

A web-based intranet is needed separate from further developments in the JUSTISE 

software. Project intranets, groupwarc products and information management systems 

can provide the connectivity between dispersed players and organisations involved in a 

project (Le Masurier, 2001). JUSTISE has the potential to be fully transplanted into 

web-based interface that would be more convenient for users. 

8.4.3 Improving the mathematical algorithm 

A number of mathematical algorithms have already' been embedded into the JUSTISE 

calculation module. The use of these algorithms requires further clarification. it is 

possible that the green or red portion could gradually fade into the central white part to 

make a more continuous transition (See Figure 8-1 ). Yhere have also been attempts to 
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see if it is possible to extract dependency from objective data from physical processes, 

and to establish a semantic interpretation of numeric measures to assign values (Marashi, 

2006). 

Currently identifted 
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Figure 8-1 A suggestion on re-identifying the spectrum in Italian Flag 

8.4.4 Encouraging the dissemination and application of knowledge 

One of the aims of the research is to disseminate the ideas and knowledge to industry and 

co-operate on projects with others. Much work needs to be done to broaden the range on 

application of current research methodologies. For example, a recent study on seismic 

performance assessment of fibre reinforced polymer (FRP) strengthened un-reinforced 

masonry infill panels has been explored by Marashi (2006). From a wider perspective, 

there is potential for loading the evidence, performance indicators, and measuring 

systems into multi-dimensional models of an object such as. a building, electric plant or 

other project to analyse vulnerabilities as weakest links or other risk problems. 

8.4.5 Rethinking the Chinese construction industry 
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China has been undergoing a new era of economic reform. The current research on the 
Chinese construction industry has exposed a temporary shortage or scarcity in many of 
aspects. The Chinese domestic construction market will become more open to the 

outside world and this will require Chinese practitioners to rethink uncertainty 

management. A study into the effects of cultural differences between China and western 
countries on construction performance is needed. For example, people tend to work very 
individually in China with less reliance on teamwork, so that responsibilities are 
sometimes too ill defined. Other problem areas are the pcnalty/reward system, the 
utilisation of project resources and quality assurance. 

8.5 Epilogue 

An overall aim of this research was to act as a change agent in the practice of decision- 

support. During the research the effort became directed towards engaging practitioners 

and researchers in decision support practice. Ile next challenge is to interest actors in 
learning about alternative perspectives on uncertainty and risk. The research work 
described in this thesis provides a basis and resource for further interdisciplinary efforts 
to improve decision-support. It is hoped that the research will encourage engineers and 
practitioners of decision-support systems to rethink uncertainty and risk with constructive 
communication about systems thinking. 
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Dear Sir/Madam: 

This is Yu CHEN (a current PhD student from the Department of Civil 
Engineering, University of Bristol, UK). I am writing this covering letter to 
invite you join the survey that aims at exploring risk and uncertainty 
management practice in Chinese construction industry. 

Chinese construction has been suffering its poor performance. It is mainly 
because that construction industry has not paid more attention to well 
implementing risk and uncertainty management, but sadly concentrated on 
the pursuit of productivity. Through this survey a series ofjoint concerns 
will be concluded as an ultimate need for developing an effective approach 
to managing risk and uncertainty. 

The questionnaire consists of three sections, which are: 

1) Stating general information about the respondent and the organisation; 
2) Identifying the risk allocation, importance and judge the occurring 

frequency; 
3) Questions and Comments 

The survey will be solely distributed in Chinese construction industry and 
completed by a wide range of industrial practitioners, including contractors, 
clients, academics, authorities and relevant professionals. 

It would be enormously helpful if you would respond to the questionnaire in 
the following pages. Please send it back to me to with the address shown as 
follows quickly. 

Shall you have any queries Pertaining to this questionnaire feel free to 
contact me. 

Best regards, 

Mr. Yu CHEN 
[PhD Candidate in Systems Lab Department of Civil Engineering University of Bristol UK] 
Phone lit: 0044 (0)117 33 17065 
Facsimile: 0044 (0)117 92 87783 
Email: yu. chenObris. ac. uk 
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(fil tk-l'j-M /introduction of questionnaire) (Please refer below pages to 
Section 2. Z 3.2.7.4. and corresponding results are discussed in Section 2.7.5 and 2.7.6) 

T JA 4A re. Mr A* 41h 0 U, t, At 4 q, A 

- Y. jA in *1 - -4 jj 0. iiE 4) 9- VA ii EIAi Al r-I A- AA 4k T- R, TM, ,*ý, f-I 

Section I solicits general information about the respondent and the 

organisation. It is to finally provide strong evidence that the survey will be 

carried out by a range of participants in different positions, from different 

parties in different scales. The contact information will be recorded for 

further research purpose. 

('jLi'1u-, A i&JU 7 41-& 

tAL-1-A-414M, 4T 22 

TAL Fa-. A. -T- ATKINS IP 14 -T)q Q 4:, ý *1 kMA 
-h 

44 
-T- A Fa'- Jý 9 444 * iM 

-Z ,ýT*. A5--t T Hastak Iv, Shaked(2000)4A, 

In Section 2, all participants are asked to use "reference table" (Page 7) as a 
basis that carries an inventory of 22 project risks to judge each items. Those 

risks are selectively identified from the ATKINS China project risk control 

paradigm (Atkins China Ltd, 2004) and SCG risk management guidance, 

and is categorised into three different levels of country,, market and 

construction project in terms of Hastak and Shaked' model (2000). ) 
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JL: 

In Section 2, each identified risk is associated with "Risk Allocation", 

"Importance", and "Judgment of occurring frequency". "Risk Allocation": 

Risk management is not limited to a few processes, but includes much more 
in order to have a complete view of the suggested risk management process. 

One of the most crucial decisions in a project relates to the allocation of 

risks i. e. who carries which risks and which actors take responsibility for 

risk management. Before the decisions of risk allocations are ready to be 

made, the attitude that project actors have towards the risk has to be 

determined. "Importance":. It is to assess how important the identified risk. 
The assigned value vary in terms of a scale of 1-10, "1" refers to the 

particular risk category being of least importance and "10" refers to extreme 
importance. "Judgment ofoccurringfrequency": The frequency of risk tends 

to be fairly different at different levels. These risks occur very frequently 
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and would be mainly addressed by using more project resources. The 

judgment is classified in five degree as: little, less, normal, much and more. 

till VVA3(t, **ATt 

. -4 -lw' A0& iMi 0, A 3L 40 A i3c) 

Section 3 consists of three general questions that aim at seeking for any 

constructive comments or suggestions which respondents consider might be 

in favour of assistance to further study. 
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Section]: Background information (Please refer this page loSection 2.7.2 in the 
thesis) 

Please fill your personal information into the following blanks. Wor the confidentiality 
any ofyour information will be protected and closed to the public. ) 

/Respondent's Name) 

1. Type of entity (ý, Iý 

9/Name of Entity) 

El it IDL Construction LI 4 Jý-, j' Real Estate L: 1 ýý ,K 4jL)rj Academ ic 
F-] &A--df fl Authority 

[: 1 40ý Others (Please specify): ................................. 

2. Position and specifications of role: 

3. Typical size of project (RMB) (*, --I-] -T)7i 0 4X4k): 

F-I Less than 100,000 

r-I 100,000 - 500,000 

[: 1 15,000,000 - 50,000,000 

El 50,000,000 - 100,000,000 

More than I 

4. Typical size of your company(-/, ý- vI 0,4): 

Smal I (<I 00) Medium (100-500) Big (>500) 

5. If there is anything you would like to expand on from this section, please do so here 

( ý& -A- *- 4. 
-E it 

ý] ýý; v t' Al- f 11 tý ): 
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Section 3 (MJ41-j4 *I Questions and Comments) Lfleasere n Ler this sectio to 
Section 2.7.6 in the thesis. ) 

*( Fly A1: q' 14 J- *- /Question 1: How do 

Chinese practitioners implement risk management? ) 

0 (HAV: /Question 2: What are the major 

factors obstructing risk management in practice? ) 

(SM3: 179itIl? /Question 3: What is the 'most wanted' 

approach) 

* ý* 4f 0. * f-I t; fi- JE 41 if * 0. 
, in' tT ; ý- k f4 I. - /Shall you have any comments 

pertaining to the questionnaire please leave those below: 

Filling Datc 
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SOME COPIES OF REPRESENTATIVE LETTERS ISSUED 

BY THE RESEARCH PARTICIPANTS 
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AM 
WSP 

MP 

WSP Buildings 
Colston 33 
Colston Avenue 
Bristol 
BS I 4UA 

Tel: +44 (0)117 930 2000 
Fax: +44 (0)117 929 4624 

www. wspgroup. com 

To whom it may concern: 

We are writing to confirm Mr. Chen Yu from the University of Bristol had given a seminar on 
the topic of uncertainty management on 06th Dec 06 in our Bristol office. 

The fed back on the seminar was very good in general and the content was found to be 
helpful. We would like to take this opportunity to thank Mr. Chen for his time and effort and 
wish Mr. Chen every success on his study and future career. 

Regards, 

PhiliP Fung 

Engineer 
WSP Buildings 

WSP UK Ltd I Reg, office Address. Buchanan Hoisse, 21-301-lolborn. London. EC IN 2HS I Reg. No. 1383511 England I WSP Group p1c, I Offices Worldwide 



'-"L rP M A14 AM f4 * fff R ýP ib. 
CHINA SHIP SCIENTIF1C RESEARCH CENTER 

Týomoxljo, wil-NI, JI ANG S U. 214091. CHINA 

J ati. 25,200 8 

Dcar Mr. YU CHEN: 

It is, -my pleasure to NNTite this letter to give you sorne comments on JUSTISE 23 as request. 
Aftcr receiving tliv, demonstration version of JUSTISE 2.1,1 had a quite ihorough Swdy of 
this system, from its tbeorctical background to practical applicability. I feel that the mo. q 
significnnt practicabiliV is that JUSTISE inay enable an enriched way to monitor project 
perf6rniance by Tecording, measuring and maintaining pefformariec-Mated inibrmation 

w, ithin an integrated context. Information can be intentionally managed in JUSTISE to casure 
that no important inilurmation will be missed. It provides users an in-depth look into KPIs 
(although 5uch term is not addressed in Chinese engineering industry) for exploring any 
uncertninty, lisk 'that may occur in the project. It hus an understandable and manageable 
interface for both Chinese and Western people to use. It can be regarded as an efrective tool 
that realises the combination of perfomiance monitoring and uncertainty nianagoinciii to help 

peciple, produce best quality (funictionalitlies, 'tirne, cost, etc. ) in practice. As for as I ; Rill 
c. oncersted, I am very pleasud to see the piogress made in the SY-stems Grouo bf oic Civil 
Engine0fing Department, University of Bristol since David and I jointly developed the 
Interval 'Probability Theory iii 1990. J U511CE has provided several other choices of the 
theory for the uncertainty treatment- in addition to the Interval Probability Theory. One 
difficulty for the practical engineers, to use the systern may lie in the quariffication Of the 
uncertainty. However, Ahis is the common problem for all the theories for dealing with 
uncertainty; NVIla 

,t 
you can do is to provide more examples and more education wthe practical 

engincers. Quantification of uncertainty mainly depends on the user' how . to acquire 
information and how to make good judgcment basW on his knowledge. Apart from this, there 
are otber challen I es for it, -, growth, i. e. the constnuction of piý. rfbrmanoc database system. 
trainit. ig system and etcý I do believe you did a good job on establislýng NN1181JON1 trainework 

and the development of JUSTISEsoftwaTe which has integrated the continual'achievcnicrits. 
the SySileMS OrOup headed by Prof. David Ian Blockley. I congratulate to you. Tn the future, I 

would, f6r's. urc, to offer any help towards your funber research if I am able to do. 

Yours Sincerelý, 

Mleicheng Cui 

Deputy Director ol'Chlnu Ship Scientific Research Center 
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Consulting 

20 Mar. 2007 

Dear Mr. Yu CHEN: 

Hyder Consulting (UK) Limited 
29 Bressenden Place 
London 
SWIE SDZ" 

Tel: +44 (0)870 000 3008 
Fax-. +44 (0)870 OW 3908 
www. hydarconsulting. com 

Following your latest demonstration of JUSTISE to me and the trial application on my 

projects, I would like to give you some suggestions on your research as you required. 

It Is good to see that JUSTISE can provide a capability of hierarchically modelling 

business case. It allows people to test Ideas and concepts In a future virtual context where 

any potential mistakes can be easily indicated. People are enabled to clarify the 

uncertainfies, risks and rewards of pursuing actions through comparing alternatives 

modelled within JUSTISE environment. However, JUSTISE doesn't seem to have its data 

source where any data regarding previous work can be referred. The capability of 

resource management is constrained by the Microsoft Project package. Its flexibility of use 

needs to be improved. 

In general, we do believe JUSTISE gains Its meaningful potentials of handling uncertainty 

management for academic purpose or even for commercial use, and we also wish you 
have a big step-forward on your research In the future. 

Yours sincerely, 

Peng Zhao BEng MSc CEng MICE 

Hyder (London) UD&T Commercial Manager 

)". 4JO INVESTOR IN PEOPLE 

We N06 F$234" 
Registered Office: 29 Bressenden Place. London, SWI E 5DZ. Flegist6red In England no. 2212959 J@Ij 



Hyder 

Consulting 

20 Mar. 2007 

Dear Mr. Yu CHEN: 

Hyder Consulting (UK) Limited 
29 Bressenden Place 
London 
SWIE 5DZ' 

Te 1: +44 (0)870 000 3008 
Fax: +44 (0)870 000 3906 
www. hydarronsulting. com 

Following your latest demonstration of JUSTISE to me and the trial application on my 

projects, I would like to give you some suggestions on your research as you required. 

It Is good to see that JUSTISE can provide a capability of hierarchically modelling 
business case. It allows people to test ideas and concepts In a future Virtual context where 

any potential mistakes can be easily indicated. People are enabled to clarify the 

uncertainties, risks and rewards of pursuing actions through comparing alternatives 

modelled within JUSTISE environment. However, JUSTISE doesn't seem to have Its data 

source where any data regarding previous work can be referred. The capability of 
resource management is constrained by the Microsoft Project package. Its flexibility of use 
needs to be improved. 

In general, we do believe JUSTISE gains its meaningful potentials of handling uncertainty 
management for academic purpose or even for commercial use, and we also Wish you 
have a big step-forward on your research In the future. 

- 

Yours sincerely, 

Pen g Zhao BEng MSc CEng MICE 

Hyder (London) UD&T Commercial Manager 

'Sý 
INVWORINPEOPLE 

1016 NO. F823464 
Registered Office, 29 Bressenden Place. London. SW1 E 5DZ- Registered in England no. 2212959 [@I -� tURC, A, 



IRI 

YuCHEN 
Hua Shan Road, No. 1635, Room2202 
Chang Ning District 
200052 Shanghai 
CHINA 

Subject: JUSTISE Risk Software 

DearSir/Madame, 

Infrastfuctural Risk Inspect ions 

Westerstrut 21 T (088) 286 6S 00 
3016 DG Rotterdam F (088) 286 65 01 
Postbus 23295 Info@ir-Inspeclions. eu 
3001 KG Rotterdam www. Ir-inspections eu 

After the further demonstration of JUSTISE 2.1 made by Mr. Yu CHEN on the 
1 lth of November 2007 In the meeting room of China State Construction Engineering Cor., 
we were asked by our Chinese partner (SCG), to give some suggestions on Mr. Yu CHEN's 
research. 

Undoubtedly we feel that such kind of tool has Its potential of dealing with risk and 
uncertainty in both (Dutch and Chinese) construction industry, in particular of Improving the 
accuracy of project models by allowing different users to decompose the modelling between 
Individuals with specific domain knowledge, and capturing expert knowledge about 
processes. 

Unfortunately we were not Korlsed use the software into our management practice, 
but we do believe its g5ýAfi an be encouraged by many Industrial contributions. Of course, 
we,, o7o-)Id like to offe; Any help on this Issue In the future. 

You 

General Manager of Infrastructural Risk Inspections (IRI) 

ING Bank, De Bilt: 68.03.69.813 
IBAN: NL40ING00680369813 
BIC: IN6BNL2A 
Kamer van Koophandel: 24390576 
BTW; NL8lS3.21.181.801 
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31 July 2007 

Dear Mr. Yu CHEN: 

I would like to inform you that our Risk Management Solution Team has 
greatly benefited from using JUSTISE in our risk management experiments. 

JUSTISE provides a new way of thinking project issues, managing risk and 
uncertainty, and integrating knowledge. We have been recently cooperating 
with local business partners who also expressed their interests in using it. To 
this end, I wish that more Chinese practitioners can get the opportunity in 
learning modern management methodologies from your side. 

Finally, I also want to take this chance to thank your supervisor Professor 
David Blockley who offers consecutive three-year supervision on your 
research, and wish you every success on your study in the future. 

Best Regards, 

Linda Li 

Manager of Bid/Risk Management Solution, Shanghai 
ATKINS China 

R"AMIMA (MVID *WMIgiffal-M 
Atkins Consultants (Shenzhen) Co Ltd Shanghai Branch 
A WS Atkins pIc company 


