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ABSTRACT 

Knowledge is crucial for structural design, yet existing methodologies for managing it are 

neither comprehensive nor do they adequately address the requirements of structural 

engineers. This knowledge exists in different forms and repositories therefore requiring 

special consideration as to how it should be managed. Poor management of structural 
design knowledge can result in many problems such as increased design time, reduced 

quality and decreased scope for innovation. Knowledge Management (KM) remains 
largely unexplored within the context of structural design although it is a valuable 

concept. The research in this thesis was aimed at developing a structured approach to 

managing structural design knowledge. 

The research methodology adopted consisted of various methods. Literature on structural 
design and KM was first reviewed. Case studies involving thirteen organisations were 

then undertaken to investigate the potential of KM for managing structural design 

knowledge and to develop a conceptual framework and methodologies for formulating 

KM strategies and evaluating the impact of KM initiatives. Rapid prototyping (based on 

MS Visual Basic) was used to encapsulate the methodologies into prototype systems, 

which were evaluated by industry practitioners. The evaluation established that the 

systems do proffer many benefits to the construction industry and facilitate the 

development of a KM strategy for managing the very specialised knowledge of structural 

design. 

It is concluded that the process of structural design suffers from several problems where 

managing the tacit and explicit knowledge involved in the process did not receive 

adequate attention. The research also concludes that KM has the potential to improve the 

structural design process and that the framework developed and its associated prototypes 
help to clarify a KM problem, identify goals for implementing KM, develop a KM 

strategy and evaluate the strategy. The prototypes also support KM at both the strategic 

and tactical levels, unlike other existing IT tools, which support KM primarily at the 

operational level. Recommendations for future research include further improvement to 

the prototypes, additional evaluation using a wider range of real cases and integrating the 

two prototypes into one system. 
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CHAPTER 1: INTRODUCTION 

1.1 GENERAL INTRODUCTION 

This chapter introduces the research reported in the thesis. It briefly presents a 

background to the research, justification for undertaking it, aim and objectives, 

methodology, and a guide to the contents of the thesis. 

1.2 BACKGROUND 

Design is a knowledge-intensive process (Garrett and Smith, 1996) that has impacts on 

the whole lifecycle of a project. The design of construction projects involves several 

inter-related sub-processes such as architectural, electrical and structural design. The 

latter is a complex process that requires extensive knowledge in order to produce safe and 

stable structures. It is knowledge that makes one design better and more innovative than 

others and therefore it needs to be available and accessible to designers at the moment of 

requirement. Otherwise, a designer will spend a lot of time searching for knowledge that 

is available elsewhere within the organisation. If the designer is not aware of the 

existence of such knowledge within the organisation, a lot of re-inventing of the wheel 

and repeating mistakes may take place. 

The importance of knowledge has always been recognised. However, the actual process 

of retaining and using it remains a challenge yet to be adequately addressed. One 
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Chapter 1 Introduction 

approach for capturing and storing the knowledge of experts is achieved through Expert 

Systems. These are Artificial Intelligence (AI) tools that use case-based and rule-based 

reasoning to support the process of decision-making (Wang and Howard, 1988). Several 

expert systems were developed to capture the knowledge of structural designers. 

Examples of such systems were developed by Sriram (1986), Wang and Howard (1988), 

Kumar and Topping, (1988) and Maher and Gomez (1996). Expert systems, however, 

were not very successful as Turban (1992) estimated the failure rates of expert systems at 

over 80 percent. Expert systems were not successful because of several reasons (Diaper, 

1988; Adeli, 1988; Allwood, 1989; Adelman, 1992). Firstly, they did not consider the 

richness of knowledge as they dealt with it as a static product that can be controlled 

easily. Secondly, they focused on the tacit knowledge of experts and almost neglected the 

other types of explicit knowledge and the interactions between tacit and explicit 

knowledge. Thirdly, they disregarded the cultural and organisational issues surrounding 

knowledge. Fourthly, they focused on narrow domains and hence their use was limited to 

specific professionals and/or specific problems. 

The rationale for undertaking this research stems from the need to improve the 

management of the structural design process. A promising approach that has not been 

researched within the context of structural design is Knowledge Management (KM). KM 

identifies the richness of knowledge and its different characteristics and sees its 

management as a continuous process that requires careful and extensive planning. KM 

helps in easily locating, accessing, sharing, and using the required knowledge so that 

optimisation can be achieved in terms of execution, quality, cost and maintenance. 

2 



Chapter 1 Introduction 

1.3 JUSTIFICATION FOR THE RESEARCH 

Structural design is an important task within the design process as it provides safe and 

stable structures. Improving the process of structural design does not only contribute to 

increased safety and improved stability but also saves design time and provides scope for 

innovation. Time can be saved, for example, by reducing the number of design cycles or 

by cutting the time spent on searching for the required knowledge. The time saved can be 

used to improve the design. This section presents a brief background to structural design 

with emphasis on the knowledge involved in it. It then describes the importance of 

managing knowledge. It also discusses the reasons for and benefits from managing 

structural design knowledge. 

1.3.1 Structural Design 

Structural design is a sub-process of the design of any construction project and is carried 

out based on the requirements of the proposed project. It consists of many interrelated 

activities (Bell and Plank, 1985; Kumar and Topping, 1991; Evbuomwan and Anumba, 

1996; Austin et al., 2002) such as preliminary design, analysis and detailed design 

(Fraser, 1981; Maher et al., 1988; Payne, 1989). These activities are influenced by factors 

that are linked to human intelligence and knowledge such as experience and engineering 

judgment (Bell and Plank, 1985). The availability of knowledge is one of the most 

important factors that determine the design quality and the number of design cycles. Even 

experienced engineers face difficulties when the required knowledge is not available and 

this can result in assumptions or judgments that may be disproved when knowledge 

becomes available (Kumar and Topping, 1991). 

3 



Chapter 1 Introduction 

Structural design knowledge takes many forms e. g. experiences, best practices, lessons 

learned, drawings, documents etc. and is either developed within the design office or on 

construction sites. Knowledge developed within a design office is easy to access by 

individuals or groups working within the same office but those located in geographically 

dispersed offices will not have the same ease of access. Knowledge generated on a 

construction site is rarely shared with designers and this can result in the loss of this 

knowledge. If a problem relevant to the performance of a structure occurs on a 

construction site, structural designers in the design office need to know about this 

problem; its nature, why it occurred and how it was solved. Improving the `knowledge 

flow' within an organisation adds value, increases the ability to compete and helps to 

improve future designs. This shows an emergent need for an approach that facilitates 

knowledge sharing. 

1.3.2 Knowledge Management 

Knowledge Management (KM) is referred to as a theory (von Krogh et al., 1996; 

Holtham and Courtney, 1998; Erno-Kjolhede, 2000; van der Velden, 2002) and a concept 

(Lenz, 2001; Castillo and Clodfelter, 2001; Egbu, 2002; Luan and Serban, 2002). It 

considers knowledge as a valuable asset needing to be managed in order to improve 

organisational business performance (Manasco, 1996; Leavy, 1996; Davenport and 

Prusak, 1998; Sheehan, 2000; Tiwana, 2000; Anumba et al., 2002; Robinson et al., 

2002a). KM distinguishes knowledge from information and data in the sense that 

knowledge is rich, context sensitive and more difficult to manage. KM is a systematic 

"process or practice of creating, acquiring, capturing, sharing and using knowledge, 

wherever it resides, to facilitate problem solving and decision-making and therefore 

4 
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enhance performance in organisations" (Scarbrough et al., 1999). It helps to increase 

innovation (Egbu, 2000c; Egbu et al., 2001c) and customer satisfaction (TFPL, 1999) 

through enabling the intellectual capital/assets of an organisation to be used effectively, 

creatively and consistently (Egbu, et al., 1999). It is believed that, in the evolving new 

economy, knowledge will replace other resources (e. g. capital, land, buildings, etc) as the 

organisations' most valuable asset (Drucker, 1993; Skyrme and Amidon, 1997; Hjertzen 

and Toll, 1999; Scarbrough and Swan, 1999). 

Several reasons make it of critical importance to implement KM. An employee may not 

find the relevant knowledge at the moment of requirement. Furthermore, knowledge that 

is generated in a particular situation will be lost if not properly captured, stored, and made 

available to others. More critically, the knowledge of staff members is mobile and this 

mobility needs to continuously track where this knowledge exists. The promises of the 

benefits provided by KM and its many successful cases have resulted in increased interest 

in its implementation. A recent survey shows that a significant proportion of engineering 

and construction organisations have or plan to have a strategy for KM (Carrillo et at., 

2003b). Strategies for implementing KM vary from one organisation to another 

depending on the organisational goals and objectives. The clearer the business goals from 

KM, the most likely a KM strategy will succeed in achieving real benefits. 

1.3.3 Managing Structural Design Knowledge 

Although the term `KM' is relatively new to construction organisations (Carrillo et al., 

2000), many have adopted strategies for its implementation. These have adopted KM to 

manage the different types of knowledge available organisation-wide. The 
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implementation of KM for improving the process of structural design is an area that has 

not been researched (Al-Ghassani et al., 2002a). This requires an investigation into how 

knowledge is currently managed within organisations involved in structural design. 

Although consultants are more involved in structural design, contractors may also be 

involved depending on the procurement method used. For example, contractors involved 

in `design and build' projects may be heavily involved in structural design while those 

involved in `partnering' projects share the responsibility with the designers and therefore 

need to make input into design with regards to best practice, most suitable materials and 

buildability concerns. The more knowledge is available at this stage the greater the 

potential for innovative designs. 

Organisations involved in structural design, can benefit from KM by implementing 

initiatives that help in capturing knowledge that is generated during the different stages of 

a project lifecycle to make it available and accessible to structural designers in a timely 

fashion, throughout the organisation. Two types of strategy are usually used for managing 

organisational knowledge: personalization and codification (Hansen et al., 1999). 

Personalization supports the transfer of tacit knowledge from one person to another 

through face-to-face interactions, net-meetings etc. whilst codification enables the capture 

and storage of tacit and explicit knowledge to make it widely accessible to others through 

IT and non-IT tools. In order for personalisation and codification to be properly 

implemented, a clear strategy has to be developed. The development of a strategy is the 

most critical KM activity as this strategy will determine whether KM will achieve its 

goals or not (Al-Ghassani et al., 2002c). To develop such a strategy, a detailed and 

structured approach is required. 
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In the light of the foregoing, there is a need for a framework or a structured approach to 

help construction organisations develop strategies for managing their structural design 

knowledge. It is this need that the reported research seeks to address. 

1.4 RESEARCH AIM AND OBJECTIVES 

The aim of this research project is to develop a structured approach for managing and 

sharing structural design knowledge using the concept of knowledge management. The 

following specific objectives were defined: 

1. To understand the nature of the process of structural design and to identify the 

knowledge involved in it and the existing approaches for managing this 

knowledge; 

2. To review the concept of knowledge management and to identify the supporting 

tools for its implementation; 

3. To explore the potential of knowledge management for structural design knowledge; 

4. To develop a conceptual framework and to support its use by detailed 

methodologies for managing structural design knowledge; 

5. To encapsulate the developed methodologies into prototype systems; and 

6. To evaluate the developed methodologies and their supporting prototypes using 

appropriate tools. 
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1.5 RESEARCH METHODOLOGY 

The research focused on the development of a structured approach for managing 

structural design knowledge. The methodology is intended to facilitate the formulation of 

a proactive KM strategy that takes into account the whole process of KM. To achieve the 

research objectives, various research tools were adopted including: literature review; case 

studies; rapid prototyping; and questionnaires. A summary of the research objectives and 

the research tools used to achieve them is illustrated in Table!.!. 

Table 1.1: Research objectives and the research tools used to achieve them 

Tools Literature Case studies Rapid Questionnaires 
Ob'ectives Review Protot in 
Understand structural 
design process, knowledge � 
involved & approaches 
for its management 
Review concept of 
Knowledge Management � 
and identify tools for 
implementation 
Explore potential of 
Knowledge Management � 
for structural design 
knowledge 
Develop a framework and 
a detailed methodology � 
for managing structural 
design knowledge 
Encapsulate the 
developed methodology ý/ � � 
into a prototype 
system 
Evaluate the 
methodology and � � 
prototype using 
appropriate tools 

A brief description of the research tools used is given in this section. The research 

methodology adopted is described in more detail in Section 2.4. 
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1. An extensive literature review focused on two major areas. First, it developed an 

understanding of the nature of the process of structural design, the knowledge 

involved in the process and the existing approaches for its management. Second, it 

facilitated the review of the concept of KM and the identification of the tools 

required for its implementation. Review of the literature was achieved through 

several sources: Loughborough OPAC (Loughborough University Library 

Catalogue); COPAC (merged online catalogues of 22 major university libraries in 

UK, Ireland and the British Library); CD-ROM based information products; Bids Ei 

Compendex for databases; the Internet and zetoc alert by MIMAS (alert to the British 

Library's electronic table of contents of new publications). The required publications 

were obtained from the university library or through inter-library loans. 

2. The case study approach is very useful for exploratory and investigative research. It 

helps to gain understanding of underlying reasons and motivations. Thirteen case 

study organisations were used in this research to achieve four objectives. Firstly, five 

case studies were conducted to identify the knowledge involved in structural design 

and the potential of KM for managing such knowledge. Secondly, these case studies 

were used as the basis for developing a conceptual framework for managing 

structural design knowledge and formed the ground for introducing detailed 

methodologies, which were then encapsulated into prototype systems, for developing 

and implementing a KM strategy. Thirdly, another eight case study organisations 

were used to refine the methodologies and their associated prototypes. Fourthly, the 

case studies used for developing the conceptual framework were used for evaluating 

the methodologies developed and their associated prototypes. 
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3. Rapid Prototyping is used in software development. It is developed quickly and 

demonstrated to users at an early stage for additional features and refinements 

(Connell and Shafer, 1995). Rapid prototyping was used to encapsulate two 

methodologies into prototype systems. The prototypes were developed on a personal 

computer (PC) and the implementation environment was Microsoft Visual Basic. 

After the prototypes were developed they were presented to eight case study 

organisations to further refine them and enhance their functionalities. The prototypes 

were also evaluated using four organisations involved in structural design. 

4. Questionnaires were used to achieve two objectives. Firstly, to capture suggestions 

from participants on how the developed prototypes could be refined. Secondly, they 

were used for evaluating the final version of the prototypes for their usefulness, 

efficiency and effectiveness to develop strategies for managing structural design 

knowledge. 

1.6 THESIS LAYOUT AND CONTENTS 

This thesis is divided into eight chapters as follows: 

Chapter 1, Introduction, introduces the research project and briefly describes its 

background. It then justifies the need for the research and explains its aim, objectives, and 

the methodology adopted. It also presents the thesis layout and contents. 

10 
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Chapter 2, Research Methodology, consists of two main sections. First, it introduces the 

concept of research and also describes the different types of research methodologies. 

Then, it presents a description of the research methodology used for this project and its 

supporting tools. It concludes with a summary of the methodology adopted. 

Chapter 3, The Structural Design Process, reviews the process of structural design and 

describes its two stages: concept design and detailed design. It highlights the types of 

knowledge involved in each stage and describes the different approaches for improving 

the process. It concludes with identifying the need for managing structural design 

knowledge. 

Chapter 4, Knowledge Management, reviews the concept of knowledge management, its 

importance to the different business organisations, barriers to its implementation, and the 

tools required for implementation. It concludes with identifying KM as a potential 

concept for managing organisational knowledge. 

Chapter 5, Industrial Case Studies, presents the findings from five case-study 

organisations, which are involved in structural design. It identifies the problems requiring 

new knowledge during the structural design process, discusses the potential of KM for 

managing structural design knowledge and uncovers a need for an approach for KM 

strategy formulation. It concludes with introducing a conceptual framework for 

developing and implementing a KM strategy. 

11 
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Chapter 6, Methodology and Prototype Development, analyses the existing 

methodologies of KM strategy formulation and implementation. It then presents two 

methodologies namely CLEVER (Cross-sectoral Learning in the Virtual Enterprise) and 

IMPaKT (Improving Management Performance through Knowledge Transfer) for 

developing and implementing a KM strategy. Rapid prototyping was used for refining the 

methodologies and for enhancing their functionalities. The objectives, features, and 

development of the prototypes are described. 

Chapter 7, Operation and Evaluation, provides details on the utilisation of the prototypes 

with a `walk-through' demonstration. It then describes the evaluation process. It 

summarises the key findings and discusses how each prototype will help in managing 

structural design knowledge. 

Chapter 8, Conclusions and Recommendations, provides the summary and conclusions 

of the research. It presents a general summary of the research, a summary of the 

prototypes' advantages, conclusions, contribution to knowledge and limitations of the 

research. It finishes with recommendations for further research and concluding remarks. 

12 



CHAPTER 2: RESEARCH METHODOLOGY 

2.1 INTRODUCTION 

This chapter provides on overview of the research methodology. It describes the different 

research methods and highlights the research method adopted. The chapter ends with a 

summary of the main issues. 

2.2 RESEARCH 

Research relates to investigation and is concerned with "seeking solutions to problems or 

answers to questions" (Allison, 1995). Chambers English Dictionary defines it as "a 

systematic investigation towards increasing the sum of knowledge" (Fellows and Liu, 

1997). Mainly, there are two types of research (Fellows and Liu, 1997; Moore, 2000): 

pure research (mostly undertaken by academics) and applied research (mostly undertaken 

by practitioners and industrialists). Pure research aims at developing a "theoretical 

explanation" or "understanding" of an issue while applied research relates to problems 

and their solution. Moore (2000) identifies a third type of research namely social research 

which is about monitoring developments in the world around us to develop better 

understanding of what is going on. Four important terms usually associate any research; 

bias, generalisation and particularisation, validity and rigour. 

Bias is a natural feature created by the research itself (Kitchenrr, 1994). It is usually a 

result of personal views, mis-perceptions, mis-interpretations, and use of ambiguous data 
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(Miles and Huberman, 1994). It cannot be completely eliminated and therefore 

researchers need to identify the sources of bias and reduce them as much as possible. 

Also, researchers need to take into account the possible impact of the bias that cannot be 

eliminated. 

Generalisation and particularisation (Normann, 1970; Argyris et al., 1985) are two 

opposite techniques for judging a research outcome. Generalisation can be achieved by a 

quantitative approach, based on a large number of observations or measurements to 

determine how much, how often and how many or a qualitative approach, based on 

exhaustive investigations and analysis to identify certain phenomena that are suspected to 

exist in similar situations. Particularisation, on the other hand, advocates that social 

phenomena are part of a specific situation and are far too liable to change to permit 

meaningful generalisations. 

Validity is a test or measure to the research quality. It provides a faithful description of 

how others perceive the goodness of the data (Berdie et al, 1986). Validity tests are: 

construct validity (use of appropriate research method); internal validity (demonstration 

of cause and effect relationships); external validity (type of and extent to which the 

research findings are capable of generalisation beyond the area of study); and reliability 

(others repeating the same research should obtain the same findings). 

Rigour is an important feature of research. Bennett (1991) defines it as the adherence of 

the method employed to the fundamental requirements of research design. He also states 

that `there is no one best method, appropriateness is the role'. 
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2.3 RESEARCH METHODOLOGY 

Research Methodology is about the way research is carried out. There are three types of 

research methodology: quantitative, qualitative, or a combination usually called the 

triangulation or hybrid method. Although, the dividing line between quantitative and 

qualitative methods is not always clear (Linn and Erickson, 1990; Easterby-Smith et al., 

1991; Moore, 2000) there are some features that distinguish them. This section describes 

the main characteristics of these research methodologies and the tools usually used to 

implement them. 

2.3.1 Quantitative Methods 

The quantitative method is also called `realistic' and is used to collect information about 

things that are easy to count. However, it is possible to take a quantitative approach to 

many issues that are qualitative in nature (Moore, 2000). A quantitative method is about 

gathering factual data and studying relationships between facts in order to find out how 

these facts and relationships agree with theories of previous research findings (Fellows 

and Liu, 1997). Systematic measurement, experimental and quasi-experimental methods, 

statistical analysis, and mathematical models are all tools for quantitative research (Linn 

and Erickson, 1990). The effectiveness of the selected quantitative method greatly 

depends on the nature of the research. For example, if the research results are to be 

generalised then a broad rather than a deep research will be required. Several qualitative 

decisions should be made when using quantitative methods e. g. the questions to pose, the 

design to implement, the measures to use, the analytical procedures to employ, and the 

interpretations to stress (Linn and Erickson, 1990). The main features/advantages of 

quantitative methods are illustrated in Table 2.1. 
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2.3.2 Qualitative Methods 

The qualitative method is also called `idealistic' and is concerned with information about 

things that are less easily understood by counting them. A qualitative method seeks to 

understand how people see and interact with `the world' (Fellows and Liu, 1997). It is the 

research method that consists of `detailed descriptions of situations, events, people, 

interactions, and observed behaviour' (Patton, 1992). Naturalistic observation, case 

studies, ethnography, and narrative reports are all tools for qualitative research (Linn and 

Erickson, 1990). However, certain quantitative summaries, classifications, and analyses 

can be useful for qualitative research (Linn and Erickson, 1990). Analysis of qualitative 

data is more difficult than quantitative data, requiring a lot of filtering, sorting and other 

manipulations to prepare them for analytical techniques (Fellows and Liu, 1997). The 

main features/advantages of qualitative methods are illustrated in Table 2.1. 

Table 2.1: Main features of quantitative and qualitative research methods 

Quantitative Methods Qualitative Methods 
Objective/ " To quantify data " To gain understanding of underlying 
purpose reason and motivations. 

" To measure the incidence of " To uncover prevalent trends in thought 
views/options in a sample. and opinion. 

" To generalise results. " To provide insights into the settings of a 
problem, generating ideas/ hypothesis 
for later quantitative research. 

Sample " Large number " Small number 
" Representative of the population. " Non-representative of the population. 
" Randomly selected respondents. " Respondents selected to fulfil a given 

requirement. 
Data " Structured questionnaires. " Unstructured or semi-structured 
collection interviews. 
Data Analysis " Statistical. " Non-statistical. 
Outcome " Findings are conclusive " Findings are not conclusive 

" Findings can be generalised " Findings cannot be generalised. 
" Used to recommend a final " Exploratory and/or investigative. 

course of action. 
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2.3.3 Triangulation Methods 

The triangulation method is also called `hybrid' and characterises the use of a mixture of 

quantitative or qualitative tools. Although some scholars insist that either a quantitative 

or qualitative research method should be used, a combination has proven to be effective 

in many cases depending on the research objectives (Lee, 1991; Cavaye, 1996). The 

triangulation method (Figure 2.1) combines the two methods to reduce or eliminate the 

disadvantages of each individual method and at the same time to provide the advantages 

of each. 

This combination also offers a multi-dimensional view of the subject gained through 

synergy (Fellows and Liu, 1997). It is a useful method because it gives an added 

dimension and adds considerable value to the research results (Moore, 2000). The 

triangulation method provides both breadth and depth to a research (Moore, 2000). For 

example, as a questionnaire (quantitative method) helps in getting a broad idea about a 

research matter, interviews and case studies (qualitative methods) offer deeper 

investigation into the same area. Again, the research objectives determine the most 

suitable research methodology. 
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Quantitative data II Qualitative data 

Analysis and Analysis testing 
(statistical? ) Testing? 

Theory and 
literature Results Results 

(previous research) (relationships) (patterns etc. ) 

Causationlexplanation (discussion) 

Insights and 
inferences 

Conclusions and 
recommendations 

Figure 2.1: The Triangulation Method. (reproduced from: Fellows and Liu, 1997) 

The next section describes the research method adopted and its associated tools. 

2.4 RESEARCH METHOD ADOPTED FOR ACHIEVING THE OBJECTIVES 

The reported research aimed at developing a structured approach for managing structural 

design knowledge. To achieve the research objectives, several research methods were 

considered. The research was about investigating and enhancing an existing practice 

(structural design). It sought to develop a conceptual framework, which is based on a 

concept (KM) that has not previously been implemented in the context of the reported 

research. Therefore a purely quantitative method was not appropriate. The qualitative 

method was the most appropriate to address the research objectives although some 

quantitative methods (questionnaire) were used to refine and evaluate the developed 
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methodologies. The various methods adopted are literature review, case studies, rapid 

prototyping and questionnaires. These methods were presented in Table 1.1 in the 

previous chapter and were also described in Section 1.5 in the same chapter. 

Figure 2.2 illustrates the research objectives and the tools used to achieve each of them. 

The figure also indicates the chapters covering these objectives. The following sections 

describe how every objective was achieved. 

Research Objectives 

Research Methods 

Rapid Prototyping 
Chapter 6: 

Methodology and Prototype 
Development 

Questionnaire 
Chapter 6: 

Methodology and Prototype 
Development 

Chapter 7: 
Operation and Evaluation 

1. Identify nature of 
structural design in terms of 
knowledge involved and 
approaches for improvement. 

2. Review concept of KM 
and identify supporting tools 
for implementation. 

Research Methods 

Literature Review 
Chapter 3: 

Structural Design 
Chapter 4: 

Knowledge Management 

3. Explore potential of KM 
for managing structural 
design knowledge. 

4. Develop a conceptual 
framework and a detailed 
methodology for managing 
structural design knowledge. 

5. Encapsulate the developed 
methodology into a prototype 
system. 

Case Studies 
Chapter 5: 

Industrial Case Studies 
Chapter 6: 

Methodology and Prototype 
Development 

Chapter 7: 
Operation and Evaluation 

6. Evaluate the developed 
methodology and prototype 
using appropriate methods. 

Figure 2.2: Research objectives and methods 
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2.4.1 Understanding the Process of Structural Design 

The first objective of investigating the process of structural design, how it relates to the 

other sub-processes within design, the knowledge involved in the process and existing 

approaches to its improvement was carried out through extensive literature review. The 

literature review helped in building up a theoretical background to the process of 

structural design and how it is implemented in construction organisations. It was also 

used to investigate the nature of knowledge involved during the concept design and the 

detailed design. It also identified the existing approaches for improving the process of 

structural design in general and for managing the knowledge involved in it, in particular. 

The review was based on `personal document analysis', a qualitative analysis to review 

and analyse current theories and literature (Keppel, 1991; Dainty et al., 1997). 

2.4.2 Review of the Concept of Knowledge Management 

The second objective, review of the concept of knowledge management, was carried out 

through literature review supported by discussions with participants in international 

conferences and researchers within the KM research group at Loughborough University. 

This provided a coherent understanding of the principles supporting KM and helped in 

identifying the tools and techniques that support its implementation. This also aided in 

recognising the barriers to implementing KM and identified how organisations currently 

select their KM tools. The literature review included research review to identify the 

existing methodologies for KM strategy formulation and implementation. 

2.4.3 Exploring the Potential of KM for Structural Design Knowledge 

Case studies were used to achieve the third objective, exploring the potential of KM for 

structural design knowledge. Case study interviews with five organisations heavily involved 
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in structural design helped in identifying the nature of the knowledge involved in structural 

design and explored the potential of KM for managing it. The case studies covered 

construction organisations (consultants and contractors) that are at different stages of 

implementing knowledge management. The case studies were based on semi-structured 

interviews and were carried out with senior structural engineers. These engineers were at 

different levels of involvement in their organisations' KM systems. Some were just using 

the system while others where in charge for its development. 

2.4.4 Framework and Methodology Development 

The fourth objective, development of a conceptual framework and detailed methodologies 

for KM strategy formulation, was achieved though case studies and discussions with the 

industrial collaborators. The framework was developed based on the findings from the 

analysis of the industrial case studies. This resulted in a four-stage framework. This was 

followed by an investigation into the existing methodologies to find out if any of them 

addresses all the stages of the conceptual framework. A refinement to an existing 

methodology (Cross-sectoral Learning in the Virtual Enterprise - CLEVER) and the 

development of a new methodology (Improving Management Performance through 

Knowledge Transfer - IMPaKT) were then carried out. 

2.4.5 Encapsulating the Methodologies into Prototype Systems 

The fifth objective, encapsulating the methodologies into prototype systems, was 

achieved through rapid prototyping. The two methodologies were encapsulated into two 

prototype systems. The prototyping consisted of several stages: designing the system 

architecture, identifying the implementation environment and developing the prototype. 
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The prototypes were developed on a PC and the implementation environment was 

Microsoft Visual Basic. Case studies covering eight organisations were then used for the 

actual refinement of the prototypes. The case studies consisted of 3-4 hour workshops 

where the participants were allowed to use the prototypes. A questionnaire was given to 

the participants at the end of the workshops where several suggestions were received for 

refinement. The suggestions were examined and carried out as appropriate. 

2.4.6 Evaluating the Methodologies and Prototypes 

Evaluating the methodologies and their associated prototypes was achieved through the 

same case study organisations that were used for developing the conceptual framework. 

Participants were allowed to use the prototypes and then they were allowed to ask 

questions. A questionnaire was then given to the participants to allow them to give their 

views on the usefulness, effectiveness and efficiency of the methodologies and their 

associated prototypes. The evaluation focused on investigating the potential for 

developing a KM strategy for managing structural design knowledge. 

2.5 SUMMARY 

The concept of research was introduced and the different types of research methodologies 

were described. Different research methods were used for carrying out the reported 

research. This included a literature review to the process of structural design and the 

concept of KM, case studies at the different stages of development, rapid prototyping to 

facilitate the use of the methodologies and questionnaires to refine and to evaluate them. 
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CHAPTER 3: THE STRUCTURAL DESIGN PROCESS 

3.1 INTRODUCTION 

This chapter reviews the literature on the structural design process. It first describes 

the design process in terms of definitions, nature, stages and the team members 

involved in it. Then, it describes the process of structural design, highlights the 

problems that take place during the process and discusses the approaches used to 

solve these problems. The chapter concludes with a summary of the main issues. 

3.2 THE DESIGN PROCESS 

3.2.1 Definition 

Design is one of the most intelligent tasks that humans carry out (Kumar and 

Topping, 1991). The term `Design' can be defined in different ways depending on 

the context in which it is used. The Oxford English Dictionary (OED, 1989) includes 

several definitions to design as a noun and as a verb. For example, when defined as a 

noun, design is `A plan or scheme conceived in the mind and intended for 

subsequent execution; the preliminary conception of an idea that is to be carried out 

into effect by action; a project' (OED, 1989). Another definition is `A preliminary 

plan or sketch for the making or production of a building, a machine etc (OED, 

1989). 
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When defined as a verb, OED (1990) defines `to design' as `To form a plan or 

scheme of; to conceive and arrange in the mind, to originate mentally, plan out, 

contrive' or `The creation of almost any product: a building, a machine, a picture, a 

garment'. A more technical definition is introduced by the Academic Press 

Dictionary of Science and Technology (APDST) as `A scheme for the construction 

and ornamentation of a building, composed of plans, evaluations, rendering and other 

drawings' (APDST, 1991). 

The British Standards (BS) states that `to design' is `to generate information from 

which a product can become a reality' (BS7000,1989). Another states that design is 

`the activities required to convert design input into design output' (BS7000,1994). 

Different views also exist when design is defined by academics and practitioners. 

Some definitions that describe the human intellectual activity involved in design are: 

`The design process is the intellectual attempt to meet certain demands in 

the best possible ways' 

(Pahl and Beitz, 1988) 

`The design process is a unique combination of problem solving, creative, 

need fulfilling and human activity processes' 

(Holt, 1990) 

`The design process is that creative and personal activity of taking the 

client's brief to develop a three dimensional interpretation' 

(Gray et al., 1994) 
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A definition illustrating both mental and physical activities involved in design is 

presented by French (1991): 

`The design process is the conception, invention, visualisation, calculation, 

marshalling, refining and specifying of details which determine the form of 

an engineering design project' 

(French, 1991) 

The relationship between the design activities and their information requirements is 

highlighted in a definition by Chandrasekaran (1989) who states: 

"The design problem is specified by a set of functions to be delivered by an 

artefact, a set of constraints to be satisfied by the artefact during its 

functioning, and a repertoire of components assumed to be available and a 

vocabulary of relations between components. The solution to the design 

problem consists of a complete specification of the set of components and 

their relations, which together describe the instance of the artefact, which 

satisfies the requirements of its functions and constraints. " 

(Chandrasekaran, 1989) 

These definitions provide an initial idea of what design is. Further understanding will 

be achieved through investigating the nature and stages of the process. 

3.2.2 Nature of the Design Process 

Literature shows an argument about whether the design process is the same in the 

different domains. Usmani and Winch (1994) identified two groups of thought about 

the nature of the design process namely `integrators' and `separators'. Integrators 

such as Gregory (1966), Stauffer (1989) and Newton (1995) believe that the nature 
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and characteristics of design are the same for all professions. Separators such as 

Cross (1984) believe that design processes are fundamentally different between 

industries. Cross (1984) argues that architectural and engineering designs are 

intrinsically different. Newton (1995) states that Cross and Roozenburg (1992) later 

contradicted this view when they combined the two extremes in a single consensus 

model of the design process. 

Newton (1995) insists that the basic properties of all design processes, at the highest 

level of abstraction, are the same. He identifies common properties in design 

processes irrespective of the domain: 

" generally begins with a need; 

" results in information that ultimately leads to a physical process; 

" is never comprehensively specified; 

" never has a single optimum solution; 

" is never a single problem but is a series of sub-problems; and 

" is an iterative process. 

26 



Chapter 3 The Structural Design Process 

Lawson (1990) identifies six properties of the design process - some of which are 

similar to those identified by Newton as follows: 

The process is endless 

Design problems defy comprehensive description and offer an exhaustive number of 

solutions. Therefore there is an indefinite number of designs to a problem and 

searching for a perfect solution is potentially endless. 

There is no infallibly correct process 

The solution to a design problem is not just the logical outcome of the problem. 

Hence no specific sequence of operations can guarantee a result. 

The process involves finding as well solving problems 

Design requires identifying problems as well as producing solutions. These 

processes happen simultaneously in a non-sequential manner. The design process 

can therefore be described as one that demands the highest levels of creative 

thinking. 

Design inevitably involves subjective value judgement 

Questions about the most important problems and the best solutions to resolve them 

are often value-laden. Answers to such questions, which the designers must give, are 

therefore frequently subjective. Complete objectivity demands dispassionate 

detachment but designers are human beings and therefore find it hard to remain 

either dispassionate about, or detached from, their work. 

27 



Chapter 3 The Structural Design Process 

Design is a perspective activity 

Designers usually deal with questions like what might be; what could be; and what 

should be rather than questions that address what is; how; and why. This makes 

design a perspective activity where a designer may be seen to prescribe or create the 

future rather than understand the present and predict the future, which is purely a 

descriptive. 

Designers work in the context of a need for action 

Design is not an end in itself, and the whole point of the design process is that it will 

result in some action to change the environment in some way, whether by 

formulation of policies or the construction of buildings. 

Design is an iterative process 

Lawson (1990) adds a seventh characteristic describing design as an iterative 

process. In fact, many authors agree that one of the most important properties of 

design is its iterative nature (Gibson, 1968; Kumar and Topping, 1988; Lawson, 

1990; Newton, 1995; Austin et al., 2002). 

3.2.3 Stages of the Design Process 

Design consists of several stages where the number of these stages and the activities 

that take place within them differ from one author to another. Manning (1995) 

divides design into three levels: conceptual, intermediate and detailed. Sabouni and 

Al-Mourad (1997) divide it into: preliminary design, structural analysis, and detailed 
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design. Gray et al. (1994) divide it to concept (scheme) design and engineering 

design. They then divide engineering design to: detailed design by the architect, 

engineers and other specialist consultants within the design team; and detailed design 

by the specialist contractors e. g. workshop/fabrication drawings. 

The most popular and widely recognised design activities in construction projects in 

the UK have been set out by the Royal Institute of British Architects (RIBA, 2000). 

RIBA's `Plan of Work' (also referred to as the RIBA Stages of Work) divides the 

stages in a construction project into Pre-Design, Design and Construction where the 

design stage subdivides into six activities as shown in Figure 3.1. The activities that 

are `directly design activities' are: outline; detailed; and final design. 

II. Appraisal 
Pre-design 

2. Strategic briefing 

3. Outline proposal 

4. Detailed proposals 

5. Final Design 
Design 

6. Production information 

7. Tender documentation 

8. Tender Action 

. Mobilisation 

Construction 10. Construction to practical completion 
11. After practical completion to final fee settlement 

Figure 3.1: The stages in a construction project. Reproduced from RIBA (2000) 
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A recent work that builds on RIBA's Plan of Work is the Process Protocol (1998). It 
describes the lifecycle of a construction project in four main phases which are 
described in ten phases as shown in Figure 3.2: 

Demonstrating the Need 

Conception of Need 
Pre-Project 

Outline Feasibility 

Substantive Feasibility Study and Outline Financial Authority 

Outline Conceptual Design 

Pre-Construction Full Conceptual Design 

L Coordinated Design, Procurement and Full Financial Authority 

Production Information 
Construction 

Construction 

Post-Construction -[ Operation and Maintenance 

Figure 3.2: The phases in a construction project. Adapted from Process Protocol (2000) 

The main difference between the Plan of Work identified by RIBA and Process 

Protocol is that the Plan of Work is orientated towards the design process while the 

Process Protocol is orientated more towards client processes as it adds client 

decision phases to the process model (Carr and Winch, 1998). 

A best practice guide developed by CIRIA (2000b) divides a project life cycle into 

three phases, namely Pre-Tender, Tender and Implementation where three design 

activities take place within these phases: Concept Design at the Pre-Tender Phase; 

Definitive Design at the Tender Phase; and Detailed Design at the Implementation 

Phase. 
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The above description of the stages of the design process confirms the existence of 

three main stages although they might take different names. These are summarised 

according to their authors in Table 3.1 below: 

Table 3.1: Design stages/phases by different authors 

Author Design Phases/Activities 

Outline Design 

RIBA Detailed Proposal 

Final Design 

Outline Conceptual Design 

Process Protocol Full Conceptual Design 

Coordinated Design 

Concept Design 

CIRIA Definitive design 

Detailed Design 

3.2.4 The Design Team 

The design of construction projects involves several inter-related processes such as 

architectural, structural, electrical, mechanical, and sanitation design and therefore 

involves different team members. Based on a survey conducted by Perera (1989), the 

design team consists of. 

" The Project Director/Project Manager; 

" Architect; 
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" Structural Engineer; 

" Electrical and Mechanical Engineer(s); and 

" Quantity Surveyor. 

Roles and responsibilities of the design team members are described below: 

Project Director 

This is a senior engineer. In state organisations the project director could be a civil 

engineer or an architect. The Project Director is responsible to the client for the 

whole project during design and construction. This responsibility includes preparing 

the general layout in sketch plan, getting approvals from statutory authorities, 

forming the design team with other professionals and producing contract documents 

and drawings. 

Architect 

This is an architect other than the project director who works closely with the project 

director at the briefing and sketch design stages. The architect is responsible for 

producing detail architectural design drawings at the production of working 

drawings stage. 
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Structural Engineer 

The structural design is responsible for advising the project director on the technical 

feasibility of the site and other matters related to the structure and for producing 

structural drawings at the detail design stage. 

Mechanical, Electrical Sanitation and Water Engineers 

These mainly advise the project director during sketch design and perform related 
designs at the production of working drawings stage. 

Quantity Surveyor 

The quantity surveyor gives cost advice to the project director and prepares cost 

estimates and bills of quantities at the end of the working drawings. 

3.3 STRUCTURAL DESIGN 

Structural design is a complex process that is carried out to produce safe and stable 

structures. It commences with a search for suitable schemes for transferring loads in 

a space to a support or foundation (Maher et al., 1988). At this stage, decisions are 

made about the physical form of the structure and its components to ensure that the 

structure is fit for its intended purpose and that it satisfies the functional 

specifications, which are usually expressed in terms of design rules and criteria (Bell 

and Plank, 1985; Bahl and Beitz, 1988 ). 
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Structural design is carried out based on the requirements of and constraints on the 

proposed project. These requirements and constraints are surrounded by many 

uncertainties e. g. change of client requirements, environmental factors, assumed live 

and wind loads, partially investigated soil area, unpredictable earthquakes, etc. These 

constraints are also influenced by several factors that are linked to human 

intelligence such as experience and engineering judgment (Bell and Plank, 1985; 

Bahl and Beitz, 1988) and regulations such as codes of practice and design 

standards. Due to the constraints surrounding it, structural design usually consists of 

more than one design cycle to achieve an accepted final design (Grierson and 

Cameron, 1988). 

Structural design consists of several stages, which consist of many interrelated 

activities (Bell and Plank, 1985; Kumar and Topping, 1991; Evbuomwan and 

Anumba, 1996; Al-Ghassani et al., 2002a; Austin et al., 2002). Grierson and 

Cameron, (1988) considered three stages: the identification of the nature and scope 

of the design task, the formulation of the mathematical statement of the design 

problem, and the evaluation of the design results to determine the adequacy of the 

developed solution. Fraser, (1981), Maher et al. (1988) and Payne (1989) also 

considered three stages but they named them preliminary design, analysis, and 

detailed design. 

Austin et al. (2002) considered two stages in the ADEPT technique: the early design 

stage (concept and scheme), and the late design stage (detailed design and 

production information). This categorisation combines concept and scheme to one 
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stage usually called `concept design' and analysis and design to one stage named 

`detailed design'. This categorisation is also used by other authors e. g. Gray et al. 

(1994). 

For the purpose of this research, structural design will be considered as a two-stage 

process consisting of concept design and detailed design. This puts the activities of 

similar nature -in terms of the type of knowledge involved- in their relevant design 

stages. In this context, concept design is more dependent on the experience and 

expertise i. e. the `tacit knowledge' of the engineers while detailed design depends on 

mathematical formulae and codes of practice i. e. the `explicit knowledge' of design. 

3.3.1 Concept Design 

This stage is regarded as the most creative stage in structural design (Harty and 

Danaher, 1994). It produces a feasible structural arrangement that addresses the 

requirements of the proposed structure. Here, decisions are based on rules of thumb 

and experience of designers and largely affect the quality of a structure much more 

than the subsequent stages (Kummar and Topping, 1991; Austin et al., 2002). This 

stage has effects on the remainder of the project (Austin et al., 2002) because the 

detailed design stage generally aims to satisfy the constraints imposed by the concept 

design (Bell and Plank, 1985; Bahl and Beitz, 1988). Although there is no consistent 

approach to concept design within the building industry (Austin et al., 2001), there 

are some common activities involved where it is very likely that the designer would 

return to an earlier design stage and reconsider decisions made at that stage. The 

common activities in concept design are: 
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" Designers think of possible solutions relying on their experience in previous 

projects (Bell and Plank, 1985; Kumar and Topping, 1991). Various 

alternatives are generated for the structure such as alternative structural 

configurations, component sizes, and material selections e. g. steel, concrete, 

masonry, timber (Garrett and Smith, Kumar and Topping, 1991). This may 

involve a brainstorming session as a tool for creating new ideas; 

" Designers evaluate the feasibility of the possible solutions. Their evaluation 

relies on simple calculations and past experience (Bell and Plank, 1985; 

Kumar and Topping, 1991). This evaluation depends on the internal 

(imposed by the designer through wanting to work in a particular way or 

with particular materials or technologies) and external (clients' needs, 

technology and the construction process) constraints (Bell and Plank, 1985; 

Kumar and Topping, 1988); 

" Designers select the ideal solution based on engineering judgement (Bell and 

Plank, 1985; Kumar and Topping, 1991). This depends on the designers' 

ability to foresee the best possible solution that addresses the project's 

requirements. Once the solution has been selected, its details will be 

transferred to those involved in detailed design. 
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3.3.2 Detailed Design 

Detailed design can be undertaken by less experienced engineers compared to 

concept design which is usually undertaken by senior engineers. Detailed design is 

an iterative process that normally consists of more that one cycle. The number of 

cycles depends on several factors such as the nature of uncertainties involved in the 

project and availability of information and knowledge. Detailed design consists of 

several activities: 

" Detailed analysis for calculating the loads on the structure and then analysing 

them to identify the values that inform design e. g. deflections, vibrations, 

shearing stresses, bending moments, etc. (Bell and Plank, 1985; Kumar and 

Topping, 1988; Kumar and Topping, 1991; Garrett and Smith, 1996); 

" Sizing and proportioning are achieved through using design codes and 

standards to decide the dimensions of the individual elements of the structure. 

For reinforced concrete members, this will be followed by detailing the steel 

reinforcement required i. e. type, number, diameters of steel bars, their 

location etc. (Bell and Plank, 1985; Kumar and Topping, 1988; Kumar and 

Topping, 1991); and 

" Checks for satisfying the different constraints e. g. requirements for safety, 

engineering and physical laws, or other local constraints are achieved through 

investigating the individual members as well as the structure as a whole. 

(Bell and Plank, 1985; Kumar and Topping, 1988; Kumar and Topping, 

1991). 
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3.4 PROBLEMS DURING STRUCTURAL DESIGN 

The complex process of structural design is associated with many problems that take 

place during both concept and detailed design. This section highlights the key 

problems identified. 

3.4.1 Overlapping Process Activities 

Structural design consists of several interrelated activities. These activities do not 

usually follow a linear pattern and therefore there are significant differences between 

the natures of the individual phases during the progression from concept design to 

detailed design (Austin et al., 2002). This complexity is mainly due to overlaps 

between the different activities that take place during design. Another factor is that 

design includes some waste activities that are difficult to identify and remove. These 

are due to the lack of appropriate techniques for identifying ways of capturing, 

understanding and repeating design activities in terms of integration, decision- 

making and reductions in re-work (Baldwin et al., 1997). 

3.4.2 Complex Analysis and Design 

Detailed structural design is a sophisticated multi-disciplinary process (Hegazy et 

al., 2001). It requires databases of construction materials (e. g. steel, concrete, timber 

etc), databases of properties of materials (e. g. weights, strengths, moments of inertia 

etc) and codes of design (e. g. British Standards, Eurocodes etc). This is an iterative 

process that is highly dependent on the effective aggregation of individual designs to 

produce coherent final design (Hegazy et al., 2001). During detailed design, changes 

are frequently introduced and they need to be properly managed among the various 
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members of the design team (Hegazy et al., 2001). This results in several design 

cycles and hence consumes large amounts of time. 

3.4.3 Fragmentation in the Process 

The chronic problem of fragmentation in the construction industry affects its 

efficiency (Howard et al., 1989; Winter, 1989; Brandon and Betts, 1995; Eastwood, 

1997; Kamara et al., 1999). This fragmentation occurs within the design process as 

well as between design and construction. This has resulted in many clients being 

unsatisfied with the consultants' performance. 

Egan (1998) states that more than one third of the major clients are not satisfied with 

the performance of consultants in: 

" co-ordinating teams, 

" design and innovation, 

" providing a speedy and reliable service; and 

" providing value for money. 
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This fragmentation can cause serious problems. Some of these are: 

" loss of important design information through the lack of co-ordination 

between the functional disciplines involved in a project (Ashworth, 1991; 

Anumba and Evboumwan, 1995; Kamara, 1999); 

" failure to consider downstream life-cycle issues early on in the process, 

resulting in late and expensive design changes, claims, disputes, and 

litigation (Cherns and Bryant, 1988; Anumba and Evboumwan, 1995; 

Latham, 1994; Akinsola et al., 1994; Kamara, 1999); 

" reduced productivity and competitiveness in the industry, thereby increasing 

the costs to the entire economy (Howard et al., 1989; Brandon and Betts, 

1995; Kamara, 1999); and 

" limitations and delays in the flow of information between project team 

members and across stages in the project life-cycle (Anumba et al., 1997; 

Kamara, 1999). 

3.4.4 Knowledge Intensive Tasks 

Structural design involves many knowledge-dependent tasks. This knowledge exists 

in many forms where authors named different types of knowledge. For example, 

declarative knowledge was identified by Hansen et at. (1999), strategic knowledge 
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was discussed by Zack (1999), relationship knowledge was highlighted by 

Johannessen et al. (1999), Mode 1 (a form of knowledge production) and Mode 2 

(knowledge produced in the context of application) were described by Gibbons 

(1994). The most widely accepted knowledge types are those identified by Polanyi 

(1967) and elaborated by Nonaka (1991) and Nonaka and Takeuchi (1995). They 

explain that knowledge exists in two forms: `tacit' knowledge, which is stored in the 

brains of people e. g. experience of engineers and their skills in performing certain 

tasks, and `explicit' knowledge, which is codified in documents, drawings, databases 

and expert systems e. g. design regulations, design codes, etc. Kumar and Topping 

(1988) identify two inter-dependent basic types of knowledge that are required to 

solve problems in structural design: theory of structures; and design codes. 

Knowledge on the theory of structures can be divided into two categories: theoretical 

knowledge consisting of different theorems of the analysis of structures, and 

heuristics or rules of thumb acquired by experience. Knowledge of design codes is 

largely dependent upon the designer's interpretation where this interpretation 

depends on knowledge and understanding of the principles as well as experience, 

which basically consists of heuristics acquired over the years. 

The complexity of structural design depends on the type of the structure, purpose of 

its use, internal and external constraints etc. Furthermore, the way a structure is 

designed depends on the availability of construction materials, equipment, and 

accessibility to data, information, and knowledge. Structural design problems that 

are knowledge dependent involve but are not limited to the following: 
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0 Design is based, in many situations, on assumptions (Kumar and Topping, 

1991) and engineering judgment (Tyson, 1991). These are usually based on 

knowledge and experience. However, even experienced engineers face 

difficulties when the required knowledge is not available and this can result 

in assumptions or judgments that may be invalidated when knowledge 

becomes available (Kumar and Topping, 1991). 

0 Knowledge generated during the construction and maintenance stages is not 

usually shared with designers. A structural failure may occur because of 

inappropriate design. Knowledge about this failure (why it occurred, how it 

could have been avoided, etc) needs to be shared with the other designers 

within the organisation and externally so that mistakes are not repeated. 

0 Improper management of design knowledge results in its loss (Bliznakov, 

1996; Hegazy et al., 2001). Design consulting firms are knowledge- 

intensive organisations where improvement in design depends on the 

availability of knowledge. Not having this knowledge easily accessible does 

not only result in less innovative designs but also leads to deterioration and 

gradual loss of the knowledge. 

3.5 APPROACHES TO STRUCTURAL DESIGN IMPROVEMENT 

The previous section identified the key problems that take place during structural 

design. Literature shows that there are several approaches to solving these problems 

and hence improving the structural design process. Table 3.2 summarises the main 
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problems identified and the approaches used to solve them. These approaches are 

described below. 

Table 3.2: Problems during structural design and approaches to solving them 

Problem Approach for solving the problem 

Overlapping process activities Techniques for modelling the process 

Complex analysis and design Algorithms for the analysis and design 

Fragmentation in the process Approaches for integrating the process 

Knowledge intensive tasks Systems for capturing knowledge 

3.5.1 Techniques for Modelling the Process 

The problem of complex and overlapping process activities has attracted the 

attention of some researchers. Modelling the design process has therefore been 

researched by several authors e. g. Mostow (1985) and Austin et al. (2002). One of 

the research projects in this area was the Generic Design and Construction Process 

Protocol (GDCPP) being developed by Salford and Loughborough Universities in 

conjunction with a number of industrial collaborators (Process Protocol, 1998). 

GDCPP defines the design and construction process as four broad phases , which are 

further categorised into ten discrete phases. Austin et al. (2002) introduced three 

frameworks that build on the Process Protocol to model the design process. The first 

framework is a generic process model that clusters the design activities in relation to 

the manner in which they were commonly addressed. The second assists in 

improving coordination as the project advances. It represents a network of tasks 

connected by the flow of information between them. The third is an Analytical 

43 



Chapter 3 The Structural Design Process 

Design Planning Technique (ADePT), which helps in improving the planning of 

projects (Austin et al., 2002). 

3.5.2 Algorithms for the Analysis and Design 

The complex process of analysis and design encouraged researchers to investigate 

automating the process. This resulted in many software tools for structural analysis 

and design. Surveys show that such tools are used by many structural engineers 

(AEC, 1988; Survey, 1989). These tools support the analysis, modelling, and design 

of structures. Some of them only support one or two of these stages while others 

support all three stages. Examples of such tools are S-Frame, CADRE, STAAD, etc. 

These tools base their calculations on the input received from the user and the 

selection from available features. This also involves several assumptions based on 

the user's knowledge, experience, and engineering judgment. Although these tools 

are very useful for facilitating detailed design, three limitations have been identified 

(Tyson, 1991): lack of interactivity for the user to control analysis and design 

processes; lack of a database that permits the user to extract segments for processing; 

and lack of special purpose routines for the analysis and design of simple elements. 

3.5.3 Approaches for Integrating the Process 

To solve problems of the fragmented design process several approaches have been 

identified: computer integration strategies; use of new tools and techniques; and 

concurrent engineering (Kamara, 1999). These are discussed in turn below: 
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" Computer integration strategies. These are based on the use of computer 

technology to integrate the construction process (Howard et al., 1989; Sanvido 

and Madeiros, 1990; Miyatake and Kangari, 1993; Evbuoman and Anumba, 

1996). This provides opportunity for the electronic sharing of data and design 

decisions in both directions at the design-construction interface. On the other 

hand, the complex design of structures consisting of many interacting 

subsystems requires integrating many different disciplines. This resulted in the 

development of computer based collaborative design environments for: 

integrating the different participants in conceptual design using a shared 

graphical description of the design (Fruchter, 1996); and integrating 

engineering software design from conceptual design through detailed design 

and design documentation (Aouad et al., 1994; Ford et al., 1994; Sanvido, 

1995; Evbuomwan and Anumba, 1996; Kelly, 1997). 

" Concurrent engineering (CE). This is also called collaborative engineering, 

simultaneous engineering or parallel engineering. It is an approach that focuses 

on bringing together all concerns throughout the project lifecycle concurrently 

during the design stage (Kannapan and Marshek, 1992). This is a relatively 

new business process, which facilitates the integration of the construction 

process and the techniques and technologies that can bring about this 

integration. For structural design, it helps in improving design and reducing the 

number of design cycles (Evbuomwan and Anumba, 1996). 
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" New management approaches. These involve the adoption of a wide range of 

approaches to enhance collaboration and improve efficiency and quality. These 

include Partnering, Total Quality Management (TQM), Just-In-Time (JIT), 

Lean Construction and Sustainable Construction (Baxter and Macfarlane, 

1992; Hellard, 1993; CIB, 1997; Koskela, 1997; Melles, 1997; Bennett and 

Jayes, 1998; CM, 1998, Khalfan, 2003). These approaches have received 

different levels of interest from the construction industry. The most popular is 

`Partnering' where the client, consultant and contractor and other members of 

the supply chain work together as one team for improving their performance 

through mutual objectives. 

3.5.4 Systems for Capturing Knowledge 

Literature shows Expert Systems have been used to capture and re-use knowledge. 

Several Expert Systems have been used in the construction industry (Bouchlaghem, 

1995) where some of these were used for structural design knowledge e. g. Sriram 

(1986), Wang and Howard (1988), Kumar and Topping, (1988) and Maher and 

Gomez (1996). Knowledge-based expert systems are Artificial Intelligence (Al) 

tools that try to capture how experts approach problems in their day-to-day practice 

(Kumar and Topping, 1988). Expert systems for structural design are based on the 

assumption that the non-numeric and often symbolic criteria that drive the structural 

design process can be handled in a system that can use them to make decisions and 

solve problems (Grierson and Cameron, 1987). 
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There are two types of expert systems namely, rule-based systems which contain 

design-independent knowledge, and case-based systems which contain design- 

dependent knowledge Wang and Howard (1988). Rule-based systems capture 

knowledge `abstract reasoning rules' independent of specific designs. This assumes 

that the designer has generalised some of her/his experience into `abstract reasoning 

rules' and that these can be captured and written down into `if-then' rules. For 

example, a rule can be: IF the component is a column THEN the moment of inertia 

and depth are the critical dimensions. On the other hand, case-based systems are 

based on the assumption that most of the experience of designers is still in the form 

of knowledge about specific previous designs. This represents a memory of good and 

bad designs. Examples of structural design expert systems are HI-RISE, FLODER, 

LOCATOR, STRUPLE (Maher and Fenves, 1985; Maher, 1987; Maher et al., 1988), 

DESTINY (Sriram, 1986) and DESDEX (Kumar and Topping, 1988). Expert 

systems were not successful due to several reasons: 

0 They could not solve problems the same way experts do (Kumar and 

Topping, 1988); 

0 Users were not able to access the stored knowledge and re-use in another way 

to develop their own solutions; 

" Knowledge lost its richness and context when written down; 

0 Codified knowledge got outdated very quickly; 
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" The dynamic interaction between tacit and explicit knowledge was not addressed; 

" The knowledge already available in documents, drawings, multimedia tools 

was not appropriately addressed; and 

" Focus on expert systems resulted discounting the importance of the 

interaction between those who have the knowledge and those who need it. 

3.6 TOWARDS A KNOWLEDGE MANAGEMENT APPROACH 

The problems identified within the structural design process and the approaches used 

to address them show that there is need for improving the process. One of the areas 

that has not received enough attention is the management of the structural design 

`knowledge'. Knowledge Management (KM) is a relatively new concept that 

revolves around making knowledge available to users whenever they require it. It 

focuses on creating, acquiring, sharing and using the different types of knowledge, 

wherever it resides, to enhance learning and performance in organisations 

(Scarbrough et al., 1999, Tiwana, 2000, Davenport and Prusak, 1998). 

Knowledge management seems to be a promising approach for addressing the 

limitations of expert systems (Al-Ghassani et al., 2002a) and hence requires further 

investigation to explore its potential for structural design. 
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3.7 SUMMARY 

The literature on structural design was discussed followed by the structural design 

process. It identified that several problems take place during the structural design 

process. These are related to: overlapping activities; complex analysis and design; 

fragmentation; and existence of knowledge intensive activities. Several approaches 

have been identified for solving these problems. Structural design knowledge, 

however, did not receive enough attention. 

49 



CHAPTER 4: KNOWLEDGE MANAGEMENT 

4.1 INTRODUCTION 

This chapter reviews the literature on Knowledge Management (KM). It defines 

knowledge, describes the concept of KM, and highlights its importance. The barriers to its 

implementation are then discussed. Information technology (IT) and non-IT tools that 

support the implementation, the current methods for identifying the most appropriate 

tools, and the limitations in these methods are also discussed. The chapter concludes with 

a summary to its contents. 

4.2 KNOWLEDGE 

4.2.1 Definition 

The importance of knowledge has long been recognised. Over sixty years ago, a futurist 

dreamt of a `depot' for storing, summarising, digesting and clarifying knowledge and 

ideas in order to solve the all the `mighty' problems. He described the importance of 

knowledge management as follows: 

"An immense and ever-increasing wealth of knowledge is scattered about the 

world today; knowledge that would probably suffice to solve all the mighty 

difficulties of our age, but it is dispersed and unorganised. We need a sort of 

mental clearing house: a depot where knowledge and ideas are received, 

sorted, summarized, digested, clarified and compared. " 

(Wells, 1940) 
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Later, early in the seventies, Churchman (1971) described the complexity involved in 

knowledge and related it to how people do things i. e. their skills and experiences: 

"Knowledge resides in the user and not in the collection [of information]. It is 

how the user reacts to a collection of information that matters. " 

(Churchman, 1971) 

One of the recent definitions describes knowledge as ̀ power' (Drucker, 1995). In fact, it 

is this power that caused the increasing attention to retaining knowledge and making 

more benefits from using it. 

"Knowledge is power, which is why people who had it in the past often tried to 

make a secret of it. In post-capitalism, power comes from transmitting 

information to make it productive, not from hiding it. " 

(Drucker, 1995) 

Davenport and Prusak (1998) suggest the knowledge does not provide power to 

individuals only but also to organisations. A working definition that describes the nature 

of knowledge suggests that: 

"Knowledge is a fluid mix of framed experiences, values, contextual 

information, expert insight and grounded intuition that provides an 

environment and framework for evaluating and incorporating new experiences 

and information. It originates and is applied in the minds of knowers. In 

organisations, it becomes embedded not only in documents or repositories but 

also in organisational routines, processes, practices, and norms". 

(Davenport and Prusak, 1998) 
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In computer science, there is a tendency to define knowledge by relating it to data 

and information. Data are `raw materials' (Kanter, 1999) or discrete facts about 

events (McConalogue, 1999) which when processed and given relevant associations 

and patterns become information (Blumentritt and Johnston, 1999). Information is 

therefore `finished goods' (Kanter, 1999) or data with meaning, which is added 

through conceptualising, categorizing, calculating, correcting, and condensing. 

Knowledge, on the other hand, is the `actionable finished goods' (Kanter, 1999) or 

`actionable information' (O'Dell et al., 1998) or information with context that gives 

one the power to act and to make decisions so as to produce value to the individual 

and to the organisation as a whole (Kanter, 1999). It is a combination of using data 

and information, with the potential of people's skills, competencies, ideas, intuitions, 

commitments and motivations (Vail III, 1999). 

4.2.2 Types 

Authors have identified several types of knowledge e. g. declarative knowledge (Hansen 

et al., 1999), strategic knowledge (Zack, 1999), relationship knowledge (Johannessen et 

al., 1999), Mode 1 (a form of knowledge production) and Mode 2 (knowledge produced 

in the context of application) (Gibbons, 1994). However, the most widely accepted 

knowledge types are tacit or explicit identified by Polanyi (1967). Tacit knowledge - also 

called implicit- is stored in people's brains as mental models, experience and skills and is 

difficult to communicate externally while explicit knowledge is encoded in organisational 

formal models, rules, documents, products, services, facilities, systems and processes and 

can be easily communicated externally (Vail III, 1999). 
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Knowledge can be converted from one type to another. Nonaka and Takeuchi (1995) 

identified four modes for knowledge conversion (Figure 4.1). One individual's tacit 

knowledge can be converted to another person's tacit knowledge (socialisation) or to 

explicit knowledge (externalisation). Socialisation takes place during face-to-face 

interactions while externalisation takes place when an individual's knowledge is codified 

e. g. in written documents, or stored in software. Capturing tacit knowledge (e. g. in 

meetings, phone calls and other synchronous interactions) and leveraging it for the 

enterprise is one of the greatest challenges to KM (Bair and O'Connor, 1998). 

On the other hand, explicit knowledge can be converted to another type of explicit 

knowledge (combination) or to tacit knowledge (internalisation). Combination takes 

place when two sources of codified knowledge are synthesised to form new knowledge 

while internalisation takes place when an individual reads and understands codified 

(written) knowledge. The management of explicit knowledge, although requires several 

resources, is easier than tacit knowledge because it is already codified into documents, 

drawings, software tools, knowledge bases, videos clips, virtual reality tools etc. 

Tacit 
To 

Explicit 

Tacit 
From 

Explicit 

Socialisation Externalisation 

Internalisation Combination 

Figure 4.1: Modes of knowledge conversion (Source: Nonaka and Takeuchi, 1995) 
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4.3 KNOWLEDwoGE MANAGEMENT (KM) 

Knowledge Management (KM) is a relatively new concept, which emerged from business 

process re-engineering and a variety of other ideas first introduced by management 

consulting firms (Wensley and Verwijk-O'Sullivan, 2000). Nonaka wrote his first paper 

on KM in 1991 (Nonaka, 1991) and followed it by a book entitled `The Knowledge 

Creating Company: How Japanese Companies Create the Dynamics of Innovation' 

(Nonaka and Takeuchi, 1995). The book explained the different types of knowledge, their 

interactions, and the philosophy of KM. In 1998, Davenport and Prusak wrote their first 

book on KM `Working Knowledge: How Organisations Manage What They Know'. It 

provided guidelines to organisations on how to manage their knowledge (Davenport and 

Prusak, 1998). Many other books and academic papers were written later. 

Knowledge Management (KM) is referred to as a theory (von Krogh et al., 1996; 

Holtham and Courtney, 1998; Erno-Kjolhede, 2000; van der Velden, 2002) and a concept 

(Lenz, 2001; Castillo and Clodfelter, 2001; Egbu, 2002; Luan and Serban, 2002). It 

considers knowledge as a valuable asset needing to be managed in order to improve 

organisational business performance (Manasco, 1996; Leavy, 1996; Davenport and 

Prusak, 1998; Sheehan, 2000; Tiwana, 2000; Anumba et al., 2002; Robinson et al., 2001b 

and 2002a). KM distinguishes knowledge from information and data in the sense that 

knowledge is rich, context sensitive and more difficult to manage. KM is a systematic 

"process or practice of creating, acquiring, capturing, sharing and using knowledge, 

wherever it resides, to facilitate problem solving and decision-making and therefore 

enhance performance in organisations" (Scarbrough et al., 1999) and increase innovation 
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(Egbu, 2000c; Egbu et al., 2001c) and customer satisfaction (TFPL, 1999). It therefore 

enables the intellectual capital/assets of an organisation to be used effectively, creatively 

and consistently (Egbu, et al., 1999). It is believed that, in the evolving new economy, 

knowledge will replace other capital (e. g. land, buildings, etc) as the organisations' most 

valuable asset (Drucker, 1993; Skyrme and Amidon, 1997; Hjertzen and Toll, 1999; 

Scarbrough and Swan, 1999). 

The main driver for implementing KM is that an employee may not find the relevant 

knowledge at the moment it is required. Furthermore, knowledge that is generated in a 

particular situation will be lost if not properly captured, stored, and made available to 

others. More critically, the knowledge of staff members is mobile and this mobility needs 

continuously tracking where it exists. The promises of the benefits provided by KM and 

its many successful cases have resulted in increased interests in its implementation. 

4.3.1 Definition 

A review of literature shows that there is no one universally agreed definition of KM. In 

fact, depending on the experience, background, and organisational context, KM can have 

several interpretations, which may sometimes conflict (Tsui, 2002a). Tsui observed that 

employees working for the same organisation might have different interpretations 

depending on their position in the management hierarchy. For example, a managing 

director may see KM as the measurement and tracking of intellectual capital within the 

organisation, while a middle level manager may perceive it as the consolidation of best 

practices and/or the enhancement of customer services. At the operational level, 
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employees may see KM as a process for reducing down time, and increasing quality and 

productivity. In academia, KM is defined in four ways namely; the process approach, the 

outcome approach, the combined approach and the traditional approach (Al-Ghassani et 

al., 2002b): 

Process approach. This approach defines KM with respect to its process (Tsui, 2002a). 

For example, KM is a process of controlling the creation, dissemination, and utilisation of 

knowledge (Newman, 1991; Kazi et al., 1999). Snowden (1998) introduces another 

definition stating that KM is the "... identification, optimisation, and active management 

of intellectual assets, either in the form of explicit knowledge held in artefacts or as tacit 

knowledge possessed by individuals or communities to hold, share, and grow the tacit 

knowledge". 

Outcome approach. An outcome-based definition emphasizes the benefits that an 

organisation gets from managing its knowledge. This approach focuses on the 

measurement of intellectual capital, and how to identify and transfer hidden and/or 

unused knowledge in an organisation for improved business performance (Tsui, 2002a). 

Examples of an outcome-based definition are "the ability to create and retain greater 

value from core business competencies" (Masson, 1999) and the "management of 

organisational knowledge for creating business value and generating competitive 

advantage" (Tiwana, 2000). 

Combined approach. This brings together both the process and outcome. It describes the 

components of the process and highlights the expected outcomes. An example of a 
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combined approach definition is "any process or practice of creating, acquiring, 

capturing, sharing and using knowledge, wherever it resides, to enhance learning and 

performance in organisations" (Scarbrough et al., 1999). Another defines KM as "... 

identification, optimisation, and active management of intellectual assets, either in the 

form of explicit knowledge held in artefacts or as tacit knowledge possessed by 

individuals or communities to hold, share, and grow the tacit knowledge (Snowden, 

1998). 

Traditional approach. This considers splitting the term "Knowledge Management" and 

then treating its constituent words separately by identifying the relationship between 

"knowledge" and associated concepts such as information, and data and then linking them 

to the "Management" functions of planning and control. This approach has been 

identified by Tsui (2002a) although he did not name it. A definition following the 

traditional approach describes KM as `turning data (raw material) into information 

(finished goods) and from there into knowledge (actionable finished goods). The 

implication is that knowledge gives one the power to act and to make decisions that 

produce value to the individual and to the organisation as a whole. ' (Kanter, 1999). 

Regardless of the different approaches to defining KM, all definitions focus on the fact 

that knowledge is a valuable asset that needs to be managed and that managing this 

knowledge is important to improve organisational performance (Davenport and Prusak, 

1998; Scarbrough et al., 1999; Tiwana, 2000; Al-Ghassani et al., 2002b; Khalfan, 2002). 
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4.3.2 KM in the Wider Debate 

The concept of KM is located in the wider debate of other concepts (Scarbrough et al., 

1999) as shown in Figure 4.2. The Figure illustrates the way these concepts relate to one 

another. For example, the information age has a broad impact and affects all firms while 

the management of Research and Design (R&D) has a focused impact and is relevant to a 

limited number of firms. The figure shows that the impact of KM is focused with only 

some firms benefiting from it. This can be argued as many organisations can benefit from 

KM. In fact, even Small-and-Medium Enterprises (SMEs) can benefit from KM 

(Prenninger et al., 1998; Chan, 1999; Egbu, 2000b; Magnusson, 2003). 

All Firms 
Information 

Age 
Organisational 

Learning 
Learning 
Organisations 

Strategic Management of 
cc Core Competencies 

Knowledge 
Management 

Management of 
Knowledge- 
intensive Firms Management of the 
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Some Firms 

4 10 
Broad Breadth of Impact Focused 

Figure 4.2: KM in a wider debate. (Source: Scarbrough et al., 1999) 
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4.3.3 Importance of KM 

Knowledge increases in value if appropriately shared (Tiwana, 2000) and KM supports 

this growth of organisational memory. Larry Prusak, the executive director of the Institute 

for Knowledge Management, states that "In the emerging economy, a firm's only 

advantage is its ability to leverage and utilise its knowledge". In fact, "... knowledge is 

critical to business success and possibly to business survival" (Davenport and Prusak, 

1998). This suggests that KM "has moved from being an optional extra for managers to a 

strategic necessity" (Cannon, 1999). KM helps in reducing duplication and mistakes, 

increasing innovation, and improving business performance and hence adding 

competitiveness (Manasco, 1996; Leavy, 1996; Davenport and Prusak, 1998; Sheehan, 

2000; Tiwana, 2000; Anumba et al., 2002; Robinson et al., 2002a). Therefore those not 

implementing KM would lose their business because their competitors who accept 

knowledge's value would leave them far behind (Tiwana, 2000). Tiwana recommends 

organisations to either adopt KM or begin counting the years to the closure of their 

business. Many surveys were undertaken to investigate how organisations perceive the 

importance of KM. The findings of some of the key surveys are discussed below. 

Surveys show that there is a strong belief in the benefits of KM (Murray and Myers, 

1997; KPMG, 1998; TFPL, 1999; Gottschalk, 1999; Carrillo et al., 2003a; Robinson et 

al., 2001a; Egbu, 2002). A survey by Information Systems Research Centre (ISRC) of 

Cranfield School of Management in September 1997 shows that 79 percent of the 

respondents thought that KM was not a passing fad (Murray and Myers, 1997). Another 

survey of leading UK organisations representing different industry sectors with turnover 
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exceeding £200 million a year was undertaken by KPMG Management Consulting 

(KPMG, 1998). The results of the 100 respondents show that KM is not seen as a fad any 

more but increasingly taken seriously. This was confirmed by 43% of the respondents 

who considered their organisations to have KM initiatives in place. The survey also 

shows that the awareness of KM increases with the size of organisation. It also revealed 

that some organisations implementing KM have already seen real benefits. 

Another survey by TFPL Ltd covered 500 organisations implementing KM or equivalent 

initiatives from all business sectors around the world (TFPL, 1999). Of the 80 

respondents, 29% had corporate-wide KM programs and 18% were planning a corporate- 

wide KM program. 50% had no corporate-wide KM, but of them 42% had another 

corporate program with similar objectives. The survey concludes that the level of interest 

in KM and the number of organisations implementing its initiatives was growing 

exponentially. Moreover, many chief executives placed KM as second on their list of 

'must-dos' after globalisation. 

Other surveys that focused on particular industry sectors show similar results. A survey 

covering 73 respondents from 256 Norwegian law firms shows that there was a strong 

belief in the potential benefits of KM (Gottschalk, 1999). A survey of UK project-based 

organisations reveals that about 50 % of the respondents thought that KM would result in 

new technologies and new processes that will improve their business (Egbu, 2002). 

Another survey covering 170 construction organisation (consultants and contractors) 

shows that about 40% already had a KM strategy, another 41% had plans for a strategy 
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within a year, and 19% did not have a strategy (Carrillo et al., 2003a). The survey also 

found that about 50% of UK construction organisations had already appointed a 

Knowledge Manager or a special group with responsibility for implementing their KM 

strategy. 

It is therefore obvious that KM is an important concept that improves business and 

therefore attracts an increasing number of organisations (Tiwana, 2000; Robinson et al., 

2002b; Carrillo et al., 2003a). KM implementation, however, faces several difficulties. 

The next section discusses these difficulties. 

4.4 BARRIERS TO IMPLEMENTING KNOWLEDGE MANAGEMENT 

Organisations implementing KM face many barriers. The strength of these barriers 

depends on many factors such as the type of business processes, products and clients. A 

number of barriers are identified in the literature (Davenport, 1997; Scarbrough et al., 

1999; Carrillo et al., 2000; CIRIA, 2000a; Patel et al., 2000; Storey and Barnet, 2000; 

Tiwana, 2000; Robinson et al., 2001 a). However, they can be categorized into three main 

"barrier-groups" (Al-Ghassani et al., 2004): Knowledge Status, Knowledge Domains, and 

Organisational Culture (Figure 4.3). These are discussed in turn below. 

Knowledge 
Status 

Knowledge Barrier-Groups Organisational 
Domains Culture 

Figure 4.3: Barrier-Groups to implementing KM (Source: Al-Ghassani et al., 2004) 
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4.4.1 Knowledge Status 

Knowledge exists as tacit or explicit (Polanyi, 1967; Nonaka and Takeuchi, 1995; Vail 

III, 1999) and the easy conversion from one status (type) to another is important to allow 

for effective management. Every knowledge type has its own characteristics, which 

support or resist the conversion process as described below. 

1. Tacit knowledge. Capturing tacit knowledge and codifying it (converting to explicit) is 

one of the greatest challenges to KM (Bair and O'Connor, 1998). Capturing this 

knowledge, whether already `developed' (during previous tasks) or `under- 

development' (in on-going tasks) faces several barriers. Capturing `developed' tacit 

knowledge is very difficult because it is stored in peoples' heads and therefore difficult 

to document. Furthermore this knowledge, when codified, loses some of its context and 

also gets outdated very quickly. On the other hand, capturing `under-development' 

tacit knowledge requires strategies that facilitate knowledge capture on a day-to-day 

basis e. g. during meetings, phone calls, discussions etc (Bair and O'Connor, 1998). 

One proposal is to encourage staff e. g. site engineers to sit down at the end of everyday 

or task to record the new knowledge they gained. This was found to create additional 

tasks to the congested agenda of employees and they also found it difficult to 

`translate' what they knew into a written document (McConalogue, 1999). 

2. Explicit knowledge. Although, the management of explicit knowledge is easier than 

that of tacit knowledge (Vail III, 1999), it still requires several resources such as time, 

technology, and commitment. The management of `developed' explicit knowledge 
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faces the difficulty of gathering, updating, indexing and storing the different sources of 

knowledge e. g. documents, drawings, etc that was created over a long period of time. 

This also requires the use of suitable tools to facilitate the search and retrieval of the 

knowledge after it is stored. In contrast, the management of `under-development' 

knowledge is relatively easier provided a KM system is already in place so that new 

knowledge can be immediately stored into its appropriate location within the KM 

system. 

4.4.2 Knowledge Domains 

Knowledge exists in different sources and is required by different users. One source of 

knowledge can also be a user of another knowledge. For example, a human is a source 

when s/he provides it to users such as software but s/he is a user when taking knowledge 

from a source, the software in this case. The transfer of knowledge from its sources to 

users is usually obstructed by domains being geographically dispersed (Carrillo et al., 

2000; Conheeney et al., 2000; Patel et al., 2000) as discussed below. 

1. Geographically dispersed sources. These include: offices, employees, clients etc. The 

coordination of the process of capturing knowledge from geographically dispersed 

sources is obstructed by many barriers. For example, having dispersed sources of 

knowledge e. g. offices located in different countries makes it difficult to monitor the 

process of capturing and storing different types of knowledge so as to ensure that 

correct and valid knowledge is collected. Furthermore, offices in some countries face 

problems of slow networks and therefore they cannot easily link to other knowledge 
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sources within the same organisation thereby making the process of monitoring even 

slower if a central system is to carry out this process. 

2. Geographically dispersed users. Organisations with geographically dispersed offices 

and employees require knowledge to be safely delivered to users and that this 

knowledge is made available to them whenever they require it. Making this knowledge 

available to users creates several challenges. A key challenge is the methodology of 

knowledge transfer and sharing. E-mails have been used for a while but their 

capabilities are limited, as seekers for knowledge need to wait for a response. Net- 

meetings have also been used to facilitate the transfer of tacit knowledge but many 

people did not have access to them. Intranets/Extranets are now identified as a 

potential solution for the use of geographically dispersed users (Tiwana, 2000). 

However, they are expensive to acquire and maintain and also require users to have 

access to a computer and to the Internet. 

4.4.3 Organisational Culture 

KM requires an open culture based on trust (Carrillo et al., 2000; Al-Ghassani at al, 

2001b, Robinson et al., 2001a; Egbu, 2002) and creating such culture is not easy because 

it requires people to change their views on many issues. In fact, many organisations 

identified cultural change as the most difficult barrier to overcome. The key cultural 

barriers are (Scarbrough et al., 1999; Tiwana, 2000; Carrillo et al., 2000; CIRIA, 2000a): 

1. Willingness to share. "Why would I give my knowledge to others? " This is a typical 

question that is asked by people when they are informed about the benefits of KM. 
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Most of the literature focuses on the organisational benefits of KM neglecting the fact 

that tacit knowledge cannot be captured unless its holders realize that they also benefit. 

People think that knowledge is power and that by sharing their knowledge they will 

`share themselves out of a job' (McConalogue, 1999). It is therefore important for 

organisations to explain to their employees that shared knowledge grows (Tiwana, 

2000). Furthermore, people like to be rewarded or recognized for their contribution to 

a knowledge base (Lank, 1997; Scarbrough et al., 1999; McConalogue, 1999) and this 

makes convincing them to share their knowledge without being rewarded very 

difficult. 

2. Availability of time. Employees find themselves under pressure of increased job tasks 

and delivery deadlines (Carrillo et al., 2000). Codifying tacit knowledge and storing 

and indexing the codified knowledge are difficult and time consuming. Many 

organisations therefore find difficulties in allocating staff time to contribute to the 

knowledge base. Employees also need to be trained in understanding the KM system 

so that they can use it efficiently. Employees who need to search for an answer to a 

question also find that they do not have enough time to search the knowledge base. 

Instead, they normally prefer to ask an experienced colleague. 

3. Type and nature of business. Organisations differ in the way they do business. Some 

organisations have most of their work indoors (e. g. software vendors, engineering 

design offices etc. ) while others have it outdoors (e. g. civil contractors). Organisations 

that are involved in outdoor tasks such as construction organisations face the problem 
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staff mobility within the construction site. Furthermore, project-based organisations 

form a temporary team for every project where team members may be from different 

offices. Once the job is complete, the team members may be spread over several 

projects or moved to other offices. One of the difficulties in capturing knowledge from 

project-based organisations is due to the continuously changing teams members (Egbu, 

et al., 1999; Egbu, et al., 2001a). This results in many organisations not having a 

suitable environment for capturing knowledge or even for accessing a knowledge base. 

4. Technology infrastructure. Technology is a key enabler for implementing KM (Skyrme 

and Amidon, 1997; Kanter, 1999; Anumba et al., 2000; Egbu, 2000a; Storey and 

Barnet, 2000). In fact, many of the KM sub-processes depend on technology to allow 

for faster storage, retrieval, and transfer (Junnarkar and Brown, 1997). Technology 

therefore provides support for KM with a range of hardware and software tools. 

However, many organisations find it difficult to identify the tools that address their 

needs since this requires an understanding of the KM requirements for the organisation 

and recognising what these tools can offer. Using inappropriate tools can result in a 

technology infrastructure that is not compatible with the existing technology within the 

organisation or that does not address the organisation's goals from KM (Al-Ghassani 

et al., 2001 a). 

S. Size of organisation. The amount of knowledge available in an organisation is directly 

proportional to the size of the organisation (Davenport and Prusak, 1998). Knowledge 

within a large organisation is scattered throughout offices and is therefore more 

66 



Chapter 4 Knowledge Management 

difficult to manage. This necessitates that organisations identify what knowledge they 

need to manage and where it exists in order to achieve the organisational business 

goals. This identification may not be a straightforward process as managing more than 

one knowledge type may be required. In this case, an organisation needs to prioritise 

these types of knowledge based on the priorities of its business goals. 

6. Reward schemes may also create a barrier. Short-term rewards (e. g. monetary) are not 

the principal motivation of knowledge workers (Lank, 1997; McConalogue, 1999). In 

fact, short-term rewards would create a generation of staff who are too oriented 

towards receiving rewards and this could create a new barrier. Therefore, rewarding 

schemes need to be carefully designed. Professional recognition and the opportunity to 

work in challenging areas are more motivating and are more efficient in the long-run 

(Sheehan, 2000). 

Other barriers such as the high cost of KM systems are not considered as main barriers 

because they are easier to address e. g. allocating a budget for the system. 

The many barriers that obstruct the implementation of KM (Davenport, 1997; KPMG, 

1998; Gottschalk, 1999; TFPL, 1999; Scarbrough et al., 1999; Carrillo et al., 2000; 

CIRIA, 2000a; Patel et al., 2000; Storey and Barnet, 2000; Tiwana, 2000; Robinson et al., 

2001a) can result in loosing trust in the concept of KM if not properly addressed 

(McConalogue, 1999; Storey and Barnet 2000). New barriers can also result in poor 

practices or badly designed systems. Overcoming KM barriers is not an easy task and 
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requires extensive planning (Al-Ghassani et al., 2002a, Al-Ghassani et al., 2003). This 

necessitates a full understanding of the nature of the knowledge that needs to be managed 

and the barriers that resist its implementation. The importance of early identification of 

the barriers to KM implementation comes from the fact that rectifying or altering a KM 

system is difficult, if at all possible, time-consuming, and expensive (CIRIA, 2000a). 

Furthermore, it is extremely difficult to recover staff trust in a system after it fails. 

4.5 TOOLS FOR IMPLEMENTING KNOWLEDGE MANAGEMENT 

Very few authors have defined KM tools. Gallupe (2001) states that they are not simply 

information management tools as they should be `capable of handling the richness, the 

content, and the context of the information and not just the information itself. A popular 

definition by Ruggles (1997) describes them as the technologies used to enhance and 

enable the implementation of the sub-processes of KM (e. g. knowledge generation, 

codification, and transfer). He highlights that not all KM tools are IT based as a paper, 

pen and video can be utilised to support KM. He, however, thinks that IT tools are worth 

closer investigation because they have quick evolution, dynamic capabilities and are more 

expensive. 

In fact, most authors use the term KM tools to mean IT tools. In this research, KM tools 

will be used to refer to both `non-IT tools' and `IT tools'. To distinguish between them, 

the terms `KM techniques' and `KM Technologies' will represent `non-IT tools' and `IT 

tools' respectively. The main differences between KM techniques and technologies are 

presented in Table 4.1 and discussed thereafter. 
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Table 4.1: KM Tools: Techniques and Technologies. 

K M Tools 
KM Techniques KM Technologies 

" Require strategies for learning " Require IT infrastructure 

" More involvement of people " Require IT skills 

" Affordable to most organisations " Expensive to acquire/maintain 

" Easy to implement and maintain " Sophisticated implementation/maintenance 

" More focus on tacit knowledge " More focus on explicit knowledge 

" Examples of tools: " Examples of tools: 

- Brainstorming - Data and text mining 

- Communities of Practice - Groupware 

- Face to face interactions - Intranets/Extranets 

- Recruitment - Knowledge bases 

- Training - Taxonomies/ontologies 

4.5.1 KM Techniques 

The importance of KM techniques (non-IT tools), according to Table 4.1, comes from 

several factors. Firstly, they are affordable to most organisations. This is because little 

infrastructure is required although some techniques require more resources than others 

(e. g. training requires more resources than face-to-face interactions). Secondly, KM 

techniques are easy to implement and maintain due to their simple and straightforward 

nature. Thirdly, they focus on retaining and increasing the organisational tacit knowledge, 

a key asset to organisations. 

KM techniques are not new, as organisations have been managing knowledge, to a greater 

or lesser degree for some time. However, their use has been under the umbrella of other 

management approaches. Using these tools for the management of organisational 
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knowledge requires improving the way they are used so that benefits from them, in terms 

of knowledge gain/increase, are achieved. Some KM techniques are described below: 

Brainstorming is a process where a group of people meet to focus on a problem, and 

then intentionally proposing as many deliberately unusual solutions as possible through 

pushing the ideas as far as possible. The participants shout out ideas as they occur to them 

and then build on the ideas raised by others. All the ideas are noted down and are not 

criticized. Only when the brainstorming session is over are the ideas evaluated. 

Brainstorming helps in problem solving and in creating new knowledge from existing 

knowledge (Tsui 2002a & b). The following rules are important to brainstorm 

successfully: 

"A leader should take control of the session and keep it on course. Initially the 

problem to be solved is defined with any criteria that must be met. He or she 

should encourage an enthusiastic, uncritical attitude among brainstormers and 

encourage participation by all members of the team. The session should be 

announced as lasting a fixed length of time, and the leader should ensure that no 

train of thought is followed for too long. The leader should try to keep the 

brainstorming on subject, and should try to steer it towards the development of 

some practical solutions. 
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" Participants in the brainstorming process should come from as wide a range of 

disciplines with as broad a range of experience as possible. This brings many 

more creative ideas to the session. 

" Brainstormers should be encouraged to have fun brainstorming, coming up with as 

many ideas as possible, from solidly practical ones to wildly impractical ones in 

an environment where creativity is welcomed. 

9 Ideas must not be criticised or evaluated during the brainstorming session. 

Criticism introduces an element of risk for a group member in putting forward an 

idea. This stifles creativity and cripples the free running nature of a good 

brainstorming session. 

" Brainstormers should not only come up with new ideas in a brainstorming session, 

but also should 'spark off from associations with other people's ideas and develop 

other people's ideas. 

"A record should be kept of the session either as comprehensive notes or a tape 

recording. This should be studied subsequently for evaluation. It can also be 

helpful to write down and explore the ideas on a board, which can be seen by all 

brainstormers. 

Communities of Practice (CoPs) are also called knowledge communities, knowledge 

networks, learning communities, communities of interest and thematic groups. These 
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consist of a group of people of different skill sets, development histories and experience 

backgrounds that work together to achieve commonly shared goals (Ruggles, 1997). 

These groups are different from teams and task forces. People in CoPs can perform the 

same job or collaborate on a shared task (software developers) or work together on a 

product (engineers, marketers, and manufacturing specialists). They are peers in the 

execution of "real work. " What holds them together is a common sense of purpose and a 

real need to know what each other knows. Usually, there are many communities of 

practice within a single company and most people normally belong to more than one. 

Face to face interaction is a traditional approach for sharing the tacit knowledge 

(socialisation) owned by an organisation's employees. It usually takes an informal 

approach and is very powerful. Face-to-face interactions also help in increasing the 

organisation's memory, developing trust and encouraging effective learning. Lang (2001) 

considers it to provide strong social ties and tacit shared understandings that give rise to 

collective sense-making. This can also lead to an emergent consensus as to what is valid 

knowledge and to the serendipitous creation of new knowledge and, therefore, new value. 

This provides an environment within an organisation where participants see the firm as a 

human community capable of providing diverse meanings to information (i. e. 

knowledge). 

Post-Project Reviews are debriefing sessions used to highlight lessons learnt during the 

course of a project. These reviews are important to capture knowledge about, causes of 

failures, how they were addressed, and the best practices identified in a project. This 

increases the effectiveness of learning as knowledge can be transferred to subsequent 
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projects. However, if this technique is to be effectively utilised, adequate time should be 

allocated for those who were involved in a project to participate. It is also crucial for post- 

project review meetings to take place immediately after a project is completed as project 

participants may move or be transferred to other projects or organisations. 

Recruitment is an easy way for knowledge buy-in. This is a tool for acquiring external 

tacit knowledge especially of experts. This approach adds new knowledge and expands 

the organisational knowledge base. Another benefit is that other members within the 

organisation can learn from the recruited member formally and informally so that some 

knowledge will be transferred and retained if the individual leaves the organisation. Some 

organisations also try to codify the recruited person's knowledge that is of critical 

importance to their business. 

Apprenticeship is a form of training in a particular trade carried out mainly by practical 

experience or learning by doing (not through formal instruction). Apprentices often work 

with their masters and learn craftsmanship through observation, imitation, and practice. 

They focus on improving the skills of the individuals so that they can later perform tasks 

on their own. This process of skill building requires continuous practice by the 

apprentices until they reach the required level. 

Mentoring is a process where a trainee or a junior staff is attached or assigned to a senior 

member of an organisation for advice related to career development. The mentor provides 

a coaching role to facilitate the development of the trainee by identifying training needs 

and other development aspirations. This type of training usually consists of career 
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objectives given to the trainee where the mentor checks if the objectives are achieved and 

provides feedback. 

Training helps in improving staff skills and therefore increasing their knowledge. Its 

implementation depends on plans and strategies developed by the organisation to ensure 

that employees' knowledge is continuously updated. Training usually takes a formal 

format and can be internal where seniors train juniors within the organisation or external 

where employees attend courses managed by professional organisations. 

4.5.2 KM Technologies 

KM technologies depend heavily on IT. Examples of KM technologies for capturing 

knowledge are Knowledge Mapping Tools, Knowledge Bases, and Case-Based 

Reasoning. Although there is a debate about the degree of importance of such 

technologies, many authors consider them as very important enablers to support the 

implementation of a KM strategy (Skyrme and Amidon, 1997; Kanter, 1999; Anumba et 

al., 2000; Storey and Barnet, 2000; Egbu, 2000a; Egbu, et al., 2001b) as they consume 

one third of the time, effort and money that are required for a KM. The other two-thirds 

mainly relate to people and organisational culture (Davenport and Prusak, 1998; Tiwana, 

2000). From a return on investment (ROI) perspective, there is a need for the 

organisations to capitalise and exploit IT for KM. With the evolution in IT hardware and 

software, IT tools can act as dynamic capabilities or core competencies for organisations, 

if effectively exploited. KM technologies consist of a combination of hardware and 

software technologies. 
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Hardware technologies and components are very important for a KM system as they 

form the platform for the software technologies to perform and the medium for the 

storage and transfer of knowledge. Some of the hardware requirements for a KM system 

according to Lucca et al. (2000) are: 

" Personal computer or workstation to facilitate access to the required knowledge; 

" Highly powerful servers to allow the organisation to be networked; 

" Open architecture to ensure interoperability in distributed environments; 

" Media rich applications requiring Integrated Services Digital Network (ISDN) 

and fibre optics to provide high speed; 

" Asynchronous Transfer Mode (ATM) as a multi media switching technology for 

handling the combination of voice, video, and data traffic simultaneously; and 

" Use of the public network technology (e. g. Internet) and private network 

technologies (e. g. Intranet, Extranet) to facilitate access to and sharing of 

knowledge. 

Software technologies play an important part in facilitating the implementation of KM. 

The number of software applications has increased considerably in the last few years. 

Solutions provided by software vendors take many forms and can perform different tasks. 

The large number of vendors that provide KM solutions makes it extremely difficult to 
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identify the most appropriate applications. This has resulted in organisations adopting 

different models for establishing KM systems. Tsui (2002b) identifies five emerging 

models for deploying organisational KM systems where one or a combination may be 

adopted: 

" Customised Off The Shelf (COTS) - This is the traditional and most popular way 

of deploying application services. Based on the organisational needs, the 

applications will be identified and then examined against the functional needs of 

the organisation. A short-period test may follow to identify the most suitable 

application. Once an application is acquired, customisation on the standard 

features is usually performed to integrate it into the organisation's system. 

" In-house Development - These systems are developed within the organisation, 

usually with external technical help. Examples are Lotus Notes, Domino, and 

Intranet applications. However, there are several reasons that make this option 

generally less attractive to organisations. This includes the difficulty of 

establishing KM system' requirements, high cost, risk, and the complexity often 

associated with developing bespoke systems. 

" Solution Re-engineering - This involves adapting, with the help of KM 

consultants and technical architects, an existing generic solution that matches the 

organisation's requirements. Although similar to COTS, the adapted solution is 

not packaged as a product that can be marketed. Examples are Online Knowledge 

Communities, and Virtual Collaboration Tools. 
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" Knowledge Services - These are knowledge applications provided by a third party 

that hosts the application on the Web. The user accesses the service via a thin- 

client (e. g. a browser). The main benefits are the waived software licensing fee 

and the avoidance of in-house maintenance. However, many organisations do not 

find this option attractive because of the reduced security and privacy. 

" Knowledge Marketplace - Modelled in the E-Business NetMarket concept, 

several knowledge-trading places have been established recently. In a Knowledge 

Marketplace, a third party vendor hosts a web site grouping together many 

suppliers of knowledge services. Suppliers may include expert advisors, vendors 

providing product support services, KM job placement agencies, procedures of 

evaluations of KM and portal software, and research companies providing 

industry benchmarks and best practice case studies. Two types of Knowledge 

Marketplace exist. One provides common information and services to all 

industries while the other offers only certain services to a specific industry. 

KM software technologies have seen many improvements since the year 2000 due to 

many alliances, and mergers and acquisitions between KM and Portal tool vendors (Tsui, 

2002b). However, none of them provide a complete solution to KM. These tools are 

better described within technology groups such as data and text mining, groupware etc. 

Some of these are described below. 

Data and text mining is a technology to extract meaningful knowledge from masses of 

data or text. Data are single facts (structured) about events while text refers to 
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unstructured data. The process of data/text mining enables meaningful patterns and 

associations of data (words and phrases) to be identified from one or more large databases 

of `knowledge bases'. The approach is also very useful for identifying hidden 

relationships between data and hence creating new knowledge. It is mostly used in 

business intelligence, direct marketing and customer relationship management 

applications. However, this technology is not widely used because it is difficult to access 

data via an enterprise-wide corporate portal where most organisations only have a small 

group of data miners (Tsui, 2002 a& b). 

Groupware is a software product that helps groups of people to communicate and share 

information (Haag and Keen, 1996). This is useful for group decision-making. Groupware 

supports distributed and virtual project teams where team members are from multiple 

organisations and in geographically dispersed locations. Groupware tools usually contain 

email communications, instant messaging, discussion areas, file area or document 

repository, information management tools (e. g. calendar, contact lists, meeting agendas 

and minutes) and search facilities (Tsui, 2002a). 

Intranet is an inter-organisational network that is guarded against outside access by 

special security tools called firewalls (Haag et al., 1998). Extranet is an Intranet with 

limited access to outsiders, making it possible for them to collect and deliver certain 

knowledge on the Intranet. This technology is very useful for making organisational 

knowledge available to geographically dispersed staff members and is therefore used by 

many organisations. 
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Knowledge bases are repositories that store knowledge about a topic in a concise and 

organized manner. They present facts that can be found in a book, a collection of books, 

web sites or even human knowledge. This is different from the knowledge bases of expert 

system, which incorporate rules as part of the inference engine that searches the 

knowledge base to make decisions. 

Taxonomy is a classification of terms (and the relationships between them) that are 

commonly used in an organisation. Examples of a relationship are `hierarchical' (where 

one term is more general hence subsumes another term), `functional' (where terms are 

indexed based on their functional capabilities), and `networked' (where there are multiple 

links between the terms defined in the taxonomy). 

Ontologies also define the terms and their relationships but in addition, they support deep 

(refined) representation (for both descriptive and procedural knowledge) of each of the 

terms (concepts) as well as defined domain theory or theories that govern the permissible 

operations with the concepts in the ontology. 

There are at least three ways to develop a taxonomy/ontology: manually constructed 

(using some kind of building tools), automatically discovered (from a repository of 

knowledge assets), or purchased off-the-shelf. Taxonomies/Ontologies serve multiple 

purposes in an organisation. They can be used as a corporate glossary holding detailed 

descriptions of every key term used in the organisation. They can also be used to 

constrain the search space of search engines and prune search results, identify and group 
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people with common interests, and act as a content/knowledge map to improve the 

compilation and real time navigation of Web pages. (Tsui, 2002 a& b). 

The next section describes the existing methods for selecting the most suitable KM tools 

for an organisation. 

4.5.3 Selecting the Appropriate Tools 

When developing a KM strategy, the organisation needs to identify the tools (techniques 

and technologies) required. The selection of techniques and technologies will be 

informed, for example, by the goal of the KM strategy, the nature and location of 

knowledge and the capabilities of tools. 

Selecting KM techniques 

In many organisations, the selection of the most appropriate KM techniques does not 

follow a structured approach. This is probably because of the relatively low initial capital 

outlay of such techniques and the ease of their implementation. Another reason is that 

most organisations already implement some KM techniques and therefore develop plans 

for improving the use of these techniques. This can cause the improvement of some 

techniques that may not be critical to the KM system. 

Selecting KM technologies 
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The selection of the most appropriate KM technologies requires a clear identification of 

the organisation's knowledge management needs. It also requires an awareness of the 

technologies available and their functional capabilities. Existing methods for selecting 

KM technologies vary between organisations. However, there are some common 

methods. There two main approaches for selection; according to KM sub-processes and 

according to technology families. The former categorises the technologies in terms of the 

KM sub-processes they support while the latter classifies them into general technology 

families that support KM. 

Selection of KM technologies according to KM sub processes 

This method is popular because it allows users to identify the KM sub-processes that they 

need to use and then select the most appropriate technologies. After identifying the KM 

sub-processes, opinion is divided on the method for selecting appropriate technologies. 

One group (Table 4.2) identifies the software applications without putting the software 

into technology categories. The other group (Table 4.3) identifies the technology 

categories, without naming the software applications. Ruggles (1997) is probably the first 

to follow the pattern of the former group. Wensley and Verwijk-O'Sullivan (2000) 

adopted the same pattern in their consideration of web-based software applications. 

Table 4.2: Software applications classified by KM sub-processes 
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Author KM KM Software Applications 
Sub-processes 

Ruggles (1997) Generation GrapeVine, IdeaFisher, Inspiration, Idea 
Generator, MindLink 

Codification KnowledgeX, Excalibur Retrieval Ware & Visual 
Retrieval Ware, TeleSim 

Transfer (Lotus) Notes, NetMeeting, EnCompass 

Wensley and Acquire Aeneid, Networker, Infoscout, Arbortext tools Verwijk- , Documentum 
O'Sullivan 
(2000) Store 2 Share 2.0, Beehive, Action Technologies Tools, 
(web-based KM WebOS, Aeneid, Networker, Infoscout, Arbortext 
tools) tools, Autonomy, Documentum 

Deploy 2 Share 2.0, Beehive, Action Technologies Tools, 
WebOS, Networker, Infoscout, Arbortext tools, 
Autonomy, Documentum 

Add Value Action Technologies Tools, WebOS, Autonomy, 
Documentum 

The second group (Table 4.3) identifies categories of KM technologies that support the 

KM sub-processes without naming the software applications, also includes some 

technology categories that are not originally developed for KM but support its sub- 

processes. Jackson (1998) and Laudon and Laudon (2000) adopted this pattern. A similar 

attempt by Tsui (2002a) focuses on the Personal KM technologies (PKM) rather than the 

Enterprise KM technologies. 
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Table 4.3: KM technologies classified by KM sub-processes 

Author KM Sub-processes KM Technologies 
Jackson (1998) Gathering Pull, Searching, Data entry/OCR 

Storage Linking, Indexing, Filtering 

Communication Sharing, Collaboration, Group Decisions 

Dissemination Push, Publishing, Notification 

Synthesis Analysis, Creation, Contexualisation 

Laudon and Creation Knowledge Work Systems: Computer 
Laudon (2000) Aided Design (CAD), Virtual Reality, 

Investment Workstations 

Knowledge capturing Artificial Intelligence Systems: Expert 
and codifying Systems, Neural Nets, Fuzzy Logic, 

Genetic Algorithms, Intelligent Agents 

Knowledge distribution Office Automation Systems: Word 
Processing, Desktop Publishing, Imaging 
and Web Publishing, Electronic Calendars, 
Desktop Databases 

Knowledge sharing Group Collaboration Systems: GroupWare, 
Intranets 

Tsui (2002a) Creation Associative Links, Information capturing 
(PKM Tools) and sharing, Concept/Mind Mapping 

Codification/ Associative Links, Information capturing 
Representation and sharing, Concept/Mind Mapping, E- 

Mail Management, Analysis and Unified 

Classification/Indexing Index/Search, Meta-Search, Associative 
Links, Information capturing and sharing, 
Concept/Mind Mapping, E-Mail 
Management, Analysis and Unified 

Search and Filter Index/Search, Meta-Search, E-Mail 
Management, Analysis and Unified 

Share/Distribute Index/Search, Meta-Search, Associative 
Links, Information capturing and sharing, 
E-Mail Management, Analysis and Unified 
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Selection of KM technologies according to KM technology families 

Technology families are categories of commercial KM software applications such as 

document management, groupware and search facilities. Table 4.4 provides examples of 

different classifications of technology families. Jackson's (1998) classification presents 

six technology families and identifies a few examples of commercial software 

applications for every category. Bair and O'Connor (1998) followed this method but in a 

more detailed way. They introduced identifiable technology families and then categorised 

KM software applications accordingly through identifying software vendors and 

classifying them according to the capacity for collaboration over time and across the 

organisation. The classification by Wensley and Verwijk-O'Sullivan (2000) focuses on 

web-based technologies. Gallupe's (2001) classification is based on a three-level model 

of KM systems. The three levels are tools, generators, and the specific KM system. He 

identifies tools and generators as the technologies that are used to acquire, store, and 

distribute knowledge. In this context, tools are basic technological building blocks for the 

KM system where individual tools can be combined to form a specific KM system that 

performs particular functions. On the other hand, generators are self-contained 

technologies and can be used to generate or build a variety of specific KM systems. A 

generator therefore consists of a number of tools such as document management, 

intelligent agent, and groupware. For example, Lotus Notes is a generator that contains a 

number of KM features that can be combined in various ways to make different KM 

systems. Tsui's (2002b) classification is based on the origin of technologies, alignment 

with business processes, and capabilities of the commercial KM software. 
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Table 4.4: KM technology families by different authors 

Author KM Technology families 
Jackson (1998) Document management e. g. Documentum, Panagon JetForm 

Information management e. g. SAP, Baan 
Searching and indexing e. g. Fulcrum, Retrievalware, Verity 
Communications and collaborations e. g. Notes, Exchange, Eudora 
Expert systems e. g. Trajecta, Cognos 
Systems for managing intellectual property. 

Bair and Knowledge Retrival (KR) (e. g. Fulcrum, Verity, Excalibur) 
O'Connor (1998) Document Management (DM) (e. g. Documentum) 

GroupWare (GW) (e. g. Lotus, Autonomy, GrapeVine) 
Integrated Systems: KR+DM+GW+Data Management (e. g. Lotus, 
Netscape) 

Wensley and Traditional database tools 
Verwijk- Process modelling and management tools 
O'Sullivan (2000) Workflow management tools 
(Web-based tools) Enterprise Resource Management Tools 

Agent tools 
Search Engines, Navigation Tools and Portals 
Visualising tools 
Collaborative Tools 
Virtual Reality Tools 

Gallupe (2001) Intranets 
Information Retrieval Programs 
Database Management Systems 
Document Management Systems 
Groupware 
Intelligent Agents 
Knowledge-Based or Expert Systems 

Tsui (2002a & b) Search 
Meta/Web Crawler 
Process Modelling and Mind Mapping 
Case-Based Reasoning (CBR) 
Data and Text Mining 
Taxonomy/Ontological Tools 
Groupware 
Measurement and reporting 
E-Learning 
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4.5.4 Limitations in Existing Methods for Tool Selection 

The above existing methods for identifying the most appropriate KM tools show that 

these methods do not fulfil many of the requirements for developing a KM strategy. 

Limitations in the current methods are described below. 

KM Techniques 

The most important limitations in existing methods for selecting KM techniques are: 

" They do not follow a structured approach and are therefore exposed to many 

interpretations; 

" In many cases, they depend on improving existing techniques without 

investigating if they are needed for the KM system; and 

" The way these techniques are selected does not link the selection process to the 

organisational goals from implementing KM. 

KM Technologies 

The most important limitations in existing methods for selecting KM technologies are: 

" Classifications according to KM sub-processes do not link the technology families 

to their commercial software applications. This is probably because KM tools are 

still in the infancy stage and hence any list of commercial software may get 

outdated in a very short period; 
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" Classifications according to technology families are generic and therefore not very 

useful for organisations that seek practical methods for identifying the most 

appropriate tools; 

" Classifications by the technology families also identify technology families 

without naming the software applications that support them although, in some 

cases, reference to examples of applications is given. This is probably due to two 

reasons: the large and increasing number of software products and the overlap 

between their functions; and 

" The existing methods are easy to use but do not link the selection to the 

organisational requirements from KM. 

The limitations identified in existing methods for selecting the most appropriate KM tools 

indicate a need for a new approach that takes these limitations into account. 

4.6 SUMMARY 

In this chapter the concept and importance of knowledge management (KM) have been 

reviewed. The barriers to implementing KM have been discussed and the tools for its 

implementation have been investigated. It was established that knowledge is an important 

asset needing to be managed and that managing this knowledge is important to improve 

the performance of any business organisation. It was also found that managing 
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organisational knowledge is faced by many barriers and that the existing methods for 

selecting the most appropriate KM tools are preliminary and do not link the selection 

process to the organisational goals from KM. The potential of KM for any business 

organisation, the barriers facing its implementation, and the inappropriate methods for 

tool selection necessitate careful planning before developing a KM strategy. The next 

chapter investigates, through examining the experience of leading construction 

organisations, the potential of KM for managing structural design knowledge, the barriers 

involved and the tools used. 
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5.1 INTRODUCTION 

This chapter presents the experience of five case study organisations involved in 

structural design. The cases are described individually then similarities and differences 

between them are discussed. A conceptual framework for developing and implementing 

KM strategies is then introduced. 

5.2 CASE STUDIES 

The third and fourth objectives of the research were to explore the potential of knowledge 

management for structural design knowledge and to develop a framework that supports a 

better management of this knowledge. The case study method was selected because it 

provides deeper investigation into a problem. The case studies undertaken meant to 

explore the knowledge involved in structural design and how this knowledge is currently 

managed. They also seek to identify how KM could improve the current approaches that 

the organisations follow. 

Five organisations were considered for the proposed study. These cases include 

consulting and contracting organisations that are heavily involved in the structural design 

process. Background information about the organisations investigated is presented in 

Table 5.1. The organisations are at various levels of implementing KM ranging from not 

implementing to very advanced in implementation. 
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Table 5.1: Details of organisations involved in case studies. 

Organisation Type of Business Number of 
Employees 

Annual Turnover 
(£M) 

A Consulting 200 8 
B Consulting 310 17 
C Consulting 2600 100 
D Contracting 6000 2000 
E Consulting 7000 350 

The choice of these case studies was based on the willingness of individuals within these 

organisations to collaborate and make information available to the research project. To 

capture the required information, semi-structured interviews were used based on the 

template shown in Appendix A2. The questions were divided into four sections: context; 

structural design; knowledge management; and Role of IT. Every section was subdivided 

into a number of questions. 

The first section, context, was aimed at capturing general information about the 

organisations such as number of employees, number of structural designers, types of 

projects involved in, annual turnover etc. The second section, structural design, was 

meant to develop an understanding about issues of structural design such as the problems 

that require new knowledge and how the investigated organisations obtained this 

knowledge. The third section, knowledge management, investigated the implementation 

of KM within the organisations and explored the benefits that KM could offer to 

structural designers. It also investigated the KM techniques and approaches used for 

sharing structural design knowledge. The last section, Role of IT, explored the role of 

KM technology in sharing structural design knowledge and identified what technologies 

were used. 
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The approach to case study introduced by Brookes and Backhouse (1998) was generally 

adopted as described below where the last two actions were necessary to remove any bias 

made: 

" initial contact with interviewees; 

" in-depth interviews recorded on tape; 

" review of relevant documents supplied by interviewees; 

" further discussions to clarify unclear issues; and 

" confirming the contents of the report with the interviewees. 

5.2.1 Company Case A 

Background 

Case `A' employs 200 people in 11 offices around the UK and has an annual turnover of 

£8M. It specialises in construction consulting with a focus on structural design. 

Structural Design 

The process of structural design within the organisation depends on the type and size of 

the project being designed. For large projects, the project team consists of members from 

several offices where the Regional Manager normally heads the project. Given the 
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relatively small number of staff within the office, there is always a fair idea of the 

composition of the team members. The procurement method used (e. g. Design and Build, 

Partnering etc) also affects the leadership role of structural designers. Usually, structural 

engineers start structural design after the architects have completed architectural design. 

Structural design knowledge is required when a new scenario is faced. Structural design 

problems are approached either formally in project meetings or informally through asking 

colleagues. In usual designs, the project manager develops the concept design while 

graduates and other engineers develop the detailed design. If a problem or a new scenario 

were faced then the solution would be sought using consulting colleagues within the same 

office. If no convincing answers were found, an e-mail describing the problem would be 

sent to the other offices. During concept design, most of the strategic decisions are based 

on using tacit knowledge (estimated to be 80%), which, in turn, depends on basic 

concepts of how the project would be put together and includes fundamental design 

decisions e. g. whether to use a concrete frame or a steel frame, predicting loading 

conditions, behaviour of structure, etc. The organisation uses several methods for locating 

and accessing tacit knowledge. The organisation formerly used a paper database of `who 

knows what' to locate the tacit knowledge of designers. However, this database got 

outdated very quickly and was not thereafter used. Detailed design involves more explicit 

knowledge (estimated to be 80%) and some tacit knowledge (estimated to be 20%). The 

explicit knowledge includes codes of design, safety regulations, etc. 
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Role of KM for Structural Design 

The organisation does not have a formal strategy for managing its knowledge. However, 

there are some KM activities, which are not labelled as KM. One of the initiatives that the 

organisation is planning to implement is to use the Internet for information and 

knowledge sharing. Although the organisation is not planning to use an Intranet, they 

think that using it might come fairly soon. The organisation is currently working with 

technicians in Vietnam where a lot of the drawing work is being done. Communication of 

information and knowledge between the offices in UK and those in Vietnam take place 

through e-mails. The organisation is also investigating whether a Web-based information 

hub would be a better way of sharing information and keeping track of what is going on. 

Although the organisation is currently looking at these issues, it does not have a strategy 

that it would necessarily follow. In fact, the organisation is still looking at the different 

options for sharing information and knowledge. 

Role of IT 

The organisation did not have a KM strategy or system in place and therefore there was 

no role for IT in supporting KM. 

5.2.2 Company Case B 

Background 

This organisation consists of 310 employees located in 6 offices in the UK with an annual 

turnover of £17M. It is a consulting engineering firm involved in several international 

projects and has 170 structural engineers. 
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Structural Design 

The organisation has three structural engineering specialist groups namely bridge, facade 

(a combination of structural engineers and architects), and specialist structural groups for 

small jobs. Structural designers are involved at the early stages of design as architects 

contact them with regards to buildability issues. 

Structural design problems occur when knowledge is required for new scenarios and this 

is approached using previous experience of the individuals with no re-use of design. Also, 

engineers tend to prefer to ask a colleague rather than doing a search that may not bring 

the required knowledge. If no individual can be found to have the required knowledge 

within the organisation then first principles would be used. The way structural design 

problems are approached involves a mixture of formal and informal techniques. Formal 

techniques include lead designers attending early meetings and key design meetings. 

Also, there is a formalised process of quality reviews, which are also led by senior 

engineers who would ask questions about why a certain method was adopted, discuss 

possible alternative options etc. Informal techniques include consulting a colleague and 

using previous experiences. The organisation, in this context does not face a problem of 

identifying `who knows what' because of the relatively small number of staff and also 

due to the monthly management reviews of projects, which allow managers to be aware 

of the different experiences available in the other offices. The organisation relies heavily 

on tacit knowledge during concept design (approximately 80%) of projects while similar 

level of reliance on explicit knowledge takes place during detailed design. The tacit 

knowledge is based on the experience of the individuals while the explicit knowledge 

relies on design codes and contract conditions. 
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Role of KM for Structural Design 

The organisation sees KM as a very important approach for sharing structural design 

knowledge. They see it as a means of reducing the design cycles and as a facilitator to 

delivering better design solutions to the client in a design context. Although the 

organisation does not have a formal or documented KM strategy, they implement some 

basic KM activities that support the sharing of structural design knowledge. Skills 

database (pointers to expertise) on the Intranet are used for identifying the individuals and 

groups having a particular knowledge. Group meetings are used to facilitate the 

communication of ideas. Also, informal discussions are widely used and encouraged to 

facilitate the sharing of tacit knowledge. The organisation's Intranet contains a `technical 

area' used for sharing: some design details of projects; some technical notes produced by 

the organisation; standard templates as design guides; manufacturer's information; and 

links to technical indices. The organisation does not have short-term plans for 

implementing KM because they think that the supporting infrastructure is not available 

within the organisation. 

Role of IT in Supporting a KM Strategy 

Although the organisation does not have a formalised KM strategy or a plan for 

implementing it in the short term, they realise its importance. They also see IT as an 

important facilitator. However, they emphasise that the use of IT should be thoroughly 

planned to make sure that the system would be used. The first check is to ensure that 

people would use an application in a paper format then they are most likely to use it if 

automated. They also see the Intranet as an important part of a KM system but think that 

their Intranet needs to be re-launched if it is to support KM. 
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5.2.3 Company Case C 

Background 

Organisation `C' has 2600 employees distributed in 29 offices and has an annual turnover 

of about £100M. The organisation's offices are spread in Asia, Australia, Europe, the 

Middle East and UK. This is a management consultancy and engineering design 

organisation with 500 structural engineers spread throughout the organisation's offices. 

Structural Design 

The organisation does not have formal structural engineering groups although there is 

some specialisation in some of the offices. For example, one of the offices specialises in 

bridges and civil structures that are mainly associated with transportation, highways, and 

railways. Another office specialises in buildings. The role of structural engineers is either 

leading or support depending on the type of the structure. For example, for highway 

projects, a highways engineer will lead the project and the structural engineers would 

provide support. In a major bridge project, structural engineering would be the lead 

department. In buildings, an architect would lead and structural engineers would work 

under the project management of an architect. 

The main problems faced are the need for quick knowledge at concept design and tender 

design due to the limited time at this stage. Also, there is need for knowledge when new 

scenarios are faced. These problems are approached using the knowledge and experience 

of senior engineers involved in a project. This approach follows a formal design 

management system that includes value management at the concept stage. So, the design 
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team starts with the value management meetings, which include brainstorming sessions to 

allow experts to push new ideas. This process starts during concept design but as the team 

proceeds in design, value-engineering meetings take place to review what is done, to 

decide whether it can be improved and to identify what needs to be changed. The value 

engineering process is a part of the design management processes where the work carried 

out is reviewed up to a point to make sure that it satisfies all the client demands and the 

demands of any other stake holders and also to check that it is the most economical 

solution for the particular project and that it satisfies the required environmental 

requirements. The organisation is also in the process of launching a formal Design 

Management Procedure. The organisation relies more on tacit knowledge during the 

concept design (approximately 70%) with less reliance is on explicit knowledge at this 

stage (30%). These figures are reversed during the detailed design stage. 

Role of KM for Structural Design 

The organisation has a plan for implementing KM by January 2003. KM has been 

investigated by the organisation for the last three years and the interviewee, a senior 

structural engineer, has taken on the role of developing the organisation's strategy for 

implementing KM. The organisation believes that KM will support all their structural 

design activities. Firstly, from the tacit point of view, there is the need for expertise to be 

captured and or communicated. The organisation has a very primitive knowledge 

database, which contains information about `who knows what' and they think that this 

needs to be much more detailed. The database is on the organisation's Intranet and is 

available to everyone within the organisation. Secondly, KM helps to make explicit 

knowledge more accessible through web-based systems. Example of such knowledge is 

97 



Chapter 5 Industrial Case Studies 

past design reviews, good details from past design reviews, standard ways of analysing 

particular situations, and reference to technical useful documents. The KM system can 

also help in producing basic details very quickly for concept design and tender design. 

This will save a lot of the search time at this stage. KM will also support detailed design 

because detailed design consumes 90-95% of the manpower used during design. Also, 

detailed design relies more on explicit knowledge that can be obtained from the KM 

system. 

Knowledge sharing within the structural design process is very informal and follows the 

approach of asking colleagues, sending emails etc. It is believed that this informal 

approach can be made more structured by the KM system. For example, if the `experts 

register' is updated then people will be more directed to where to send their questions. 

The organisation also has plans to improve the knowledge sharing process through the 

implementation of KM. In fact, within the company as a whole, the structures department 

is actually piloting the implementation of KM. The experience within this department will 

inform other departments of the possible benefits. The organisation has prepared a 

detailed strategy for implementing KM. The contents of the system will be entirely 

function dependent and agreed by each function on the basis of perceived benefit to it. A 

typical list of content areas will be: 

" Standard details (CAD); 

" Standard drawing templates; 
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" CAD manuals; 

" Design notes and manuals; 

" Model calculations (in editable form, spreadsheets or other documents); 

" Model forms and reports; 

" Computer software guidance; 

9 The organisation's design rules (for areas where codes and standards are silent or 

ambiguous; e. g. is it a beam, is it a slab); 

" Project Close Out Reports or principal features, lessons etc. extracted from them; 

" Copies of references and links to relevant papers; 

" Links to useful websites; and 

" FAQs (e. g. how to solve common problems). 

The system will be piloted within the Bridges and Civil Structures function and its 

performance will be reviewed regularly in order to ensure the continuous development 

and expansion of the system. The Key Performance Indicators and improvement 

procedures are suggested as: 
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" Number of hits per function/topic/content area; and 

" Growth of knowledge database. 

Role of IT in Supporting a KM Strategy 

IT is considered as a strong enabler for implementing KM. The organisation already has 

its own Intranet. The contents of the Intranet will be replaced with new ones to take 

account of KM to facilitate knowledge sharing. The organisation is not considering 

buying any KM software products at this stage. In fact, the organisation does a lot of in- 

house software development. So, the IT tools required will probably be developed 

internally. The organisation believes that structural designers will use the KM system 

extensively because it will be developed with them in mind as the end-users. 

5.2.4 Company Case D 

Background 

The organisation employs over 6000 staff members in 23 offices worldwide and has an 

annual turnover of £2 billion. This is a large international company with its primary 

business as house building. The organisation has 30 structural engineers within the design 

teams in the UK offices. 

Structural Design 

This contracting company is involved in many design tasks especially when `design and 

build' projects are involved. The organisation has two main structural design groups in 
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the UK; one specialised in nuclear engineering and the other in buildings. The design 

teams in these two offices are involved in design and build, internal consulting, 

independent consulting to clients, and partnering in some projects. The latter takes place 

for a few specific contracts only. The role of structural engineers within the design 

process is similar to other building projects. The normal process is that a client selects 

their organisation. If the client has his own consultants, then structural engineers within 

the organisation are not usually involved. In a `design and build' contract, the front end is 

usually architecturally led where structural engineers start their job after the architects 

have designed the space plan. 

The main problems faced during structural design are when there is need to develop new 

and innovative designs or when high risk is involved in the project being designed. The 

organisation approaches structural design problems by first defining the problem. Then, a 

senior engineer investigates it and advises on the best person to solve it. If the problem 

involves risk then the approach is more formal including investigation of what the risks 

are, why a particular solution will be adopted, why it is better than the other solutions, etc. 

The different tools used to solve a problem are previous experience, previous jobs, 

fundamental engineering, asking a colleague etc. Given the small number of structural 

engineers within the organisation, the approach for solving structural design problems is 

more informal. At the concept design there is more reliance on tacit knowledge 

(approximately 95%) with little of explicit knowledge (5%). However, at the detailed 

design there is more reliance on explicit knowledge (approximately 95%) where the codes 

become more important as there will be less reliance on tacit knowledge (5%) 
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Role of KM for Structural Design 

Members of the structural design team are aware of a KM strategy within the organisation 

but they do not feel it is a user-friendly strategy. They rarely use the knowledge provided 

in the organisation's Intranet. Also, they think that the directory of `who knows what' is 

not very helpful to them because they already know who knows what due to the small 

number of structural engineers within the organisation. Knowledge sharing takes place in 

the traditional way as younger engineers ask their seniors. The interviewee says "we don't 

have something like 3000 engineers like some companies". Structural engineers think that 

KM can support the process of structural design if their requirements of knowledge are 

considered when planning and developing the implementation of KM. 

The design team suggests that for the KM system to be used within their division more 

training is required to allow the engineers to understand what they can get from the 

system. They also think that integrating the use of KM to the work practice aspects 

would increase its use. However, this may add to the cost. The conclusion is that more 

resources are required to facilitate the use of KM within the division. The division has 

plans to explore the use of discussion forums to enhance the process of knowledge 

sharing in terms of best practices and construction based tips. 

Role of IT in Supporting a KM Strategy 

The organisation has an Intranet but it is rarely used by the structural engineers as they 

tend to rely on using the Internet because they usually look for information about specific 

products. The company's KM system is based on its Intranet, which is used by several 

divisions within the organisation. Structural engineers within the organisation feel that the 
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Intranet is a very important tool for KM but they think that its contents do not fulfil their 

requirements. 

5.2.5 Company Case E 

Background 

Organisation `E' employs 7000 people spread in 70 offices and has an annual turnover of 

£350M. This large organisation is involved in consulting engineering and design and has 

between 1100 and 1800 structural engineers worldwide. 

Structural Design 

Case `E' has a long history as a leader in structural engineering. The organisation has two 

major groups: the building engineering group and the building services group. The 

organisation is biased towards projects that are more complex and innovative. Given the 

organisation's history as a leader in structural engineering, there is a stronger role for 

structural engineers in the leadership role rather than services engineers. Also, the 

organisation encourages active interaction between team members (e. g. structural 

engineers, architects etc) from the early stages of design. 

Structural design problems are faced very often. Firstly, problems are faced when 

complex designs are encountered. Secondly, problems are faced when innovative designs 

are required. The approach towards structural design problems usually follows first 

principles. The organisation also recognises that they do a lot of re-inventing the wheel 

when approaching structural design problems. They try to use previous experiences in 

two ways. Firstly, in a broader experience that helps to come up with better designs. 
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Secondly, to make something that has been done before, an easy design routine. The 

organisation has a formal way to approach structural design problems although it is not 

strictly followed, as there is more reliance on experience. The organisation also has a 

structural skills network, which is particularly powerful in the organisation's network. 

There is also a question and answer forum on the web where the number of structural 

engineers using it toward problem solving is continuously increasing. There is more 

reliance on tacit knowledge during concept design (approximately 90%) where explicit 

knowledge only uses 10%. The influence of explicit knowledge is more obvious during 

detailed design. The organisation uses the design codes only as a guide and always tries to 

come up with innovative solutions. 

Role of KM for Structural Design 

Structural designers are aware of the KM system within the organisation. The 

organisation also has a Knowledge Development Team and a skills network, which is a 

very formal part of the KM system. The skills network was implemented before KM was 

implemented. The frequency of using the KM system depends on the experience of the 

users. For example, younger engineers (under 30 years old) tend to use it on a regular 

basis, weekly if not daily. The skills network is placed on the organisation's Intranet and 

is different from the skills database, which is called `OrganisationName People'. This 

contains a web page for each person where the person can write her/his details including 

what s/he knows about (in detail). This is different from the skills network, which 

receives more attention from the organisation. The interviewee is the leader of the skills 

network group and she administers the budget spent on technical development projects, 

writing guidance notes, organising meetings between different offices, and sometimes 
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putting more money into getting design review happening between offices. In fact, the 

structural engineering skills network within the organisation has driven KM largely. It is 

obvious that the efforts to capture knowledge and to generate the knowledge networks are 

driven by the structural skills network. Of the budget allocated to different networks and 

knowledge initiatives, the structural skills network has the biggest single budget 

compared to the other networks and initiatives. 

The organisation follows two main methods for sharing structural design knowledge. 

Firstly, they use design reviews. This is similar to brainstorming meetings to discuss a 

concept in a reasonably formal manner. Secondly, there are more ad hoc methods of 

people having dialogue with each other. Thirdly, there is the use of forums within 

communities of practice where less experienced staff would ask questions and the 

experienced ones would provide answers. Also, as mentioned above, there is the 

structural skills network and skills database. The organisation has several plans for 

improving the sharing of structural design knowledge. Firstly, to re-organise the large 

amounts of knowledge contained in the Intranet so that it can be accessed more 

intuitively. Secondly, the organisation is developing a standard template that captures 

specific knowledge about every project. This is to extract knowledge from the existing 

comprehensive database of projects and the people worked on them. The importance of 

doing so is that the current database is mostly designed in a way that it is more used by 

the marketing people with difficulty in extracting the technical knowledge. Thirdly, the 

organisation plans to make everything searchable and accessible to anyone within the 

organisation. This will include details of about 120,000 projects. Fourthly, to encourage 

engineers to volunteer knowledge about lessons learned and the way purely internal -not 
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reported- problems were solved. Although the organisation has a very collaborative 

environment, staff still find it difficult to write down what they know. Also, there is a 

move towards knowledge branding in the organisation so that all the different documents 

that are available on the Intranet can be found under several brands. The organisation's 

brands will be: project specific documents, people specific documents, network specific 

documents, corporate information, and `insight'. Insight will contain knowledge that has 

been verified as being appreciative technical knowledge. It is about knowledge that 

should not be ignored because it has a good value that was verified to some degree. If 

someone seeks knowledge on underground car park then s/he can search the projects that 

had car parks, or the people who worked on car parks or s/he can search the `insight' to 

pick up a guidance note about the design of underground car park. One of the difficulties 

is that many contributors do not see how their knowledge would be used. If they know, 

they will identify what is relevant and what level of detail is required or whether the 

knowledge might be mis-used. These staff need to know how the knowledge contributed 

will be used and by whom. The organisation thinks that this is an important issue needing 

further investigation. 

Role of IT in Supporting a KM Strategy 

The organisation considers IT as a key facilitator for storing and sharing knowledge. The 

Intranet is seen as the main IT tool for KM. Searching the Intranet was facilitated by 

using a taxonomy software application called `Autonomy'. In fact, the organisation's 

intranet is a large website with massive amounts of information and knowledge that is 

either collected out of meetings or extracted from projects. This knowledge includes 

scheme design reports, presentations, minutes of meetings, and materials of training 
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courses. A major barrier in IT faced by the organisation is the speed of links in some parts 

of the world, especially when large files are downloaded. This makes it very difficult for 

some of the organisation's offices worldwide to use the system on a regular basis. 

5.3 FINDINGS FROM CASE-STUDIES 

The case study interviews represent a spectrum of organisations, which are of different 

sizes and are at different levels of implementing KM. The cases are summarised in Table 

5.2 and are discussed thereafter in order to identify areas of similarities, dissimilarities 

and areas that require further research and/or development. The discussion focuses on 

three main areas and therefore is structured as follows: 

" Main Knowledge Problems within the Structural Design Process; 

9 Potential of KM for Addressing the Knowledge Problems; and 

" Role of IT in Supporting a KM Strategy. 
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Chapter 5 Industrial Case Studies 

5.3.1 Knowledge Problems within the Structural Design Process 

Problems 

One of the objectives of the case study interviews was to identify the knowledge 

problems that are faced during structural design and how designers overcome them. Table 

5.2 shows some similarities between the problems faced within organisations. Cases (A) 

and (B) usually require new knowledge when new scenarios are faced while the other 

organisation cases require new knowledge more frequently. This could be due to the 

relatively small size of organisations (A) and (B) which employ 200 and 310 people 

respectively as this is reflected in the types of projects they undertake, usually standard 

projects. Larger organisations such as Cases (C), (D) and (E) which employ between 

2600 and 7000 people require new knowledge in more occasions probably because they 

are involved in more sophisticated and innovative projects. The problems that require 

obtaining new knowledge during structural design are: 

" Facing new scenarios; 

" Limited design time at concept and tender design; 

" Designing innovative projects; 

" Risk involved in the project being designed; 
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" Carrying out complex designs; 

" Using first principles excessively; and 

" Re-inventing the wheel again and again. 

Solving the problems 

The approach towards solving the problems encountered differs from one organisation to 

another. Organisation (A) follows informal simple and traditional approaches, which are 

consulting colleagues, using previous experiences and sending enquiry emails. The other 

organisations also follow the approach of asking colleagues and sending emails although 

Cases (B) and (E) do this in a more structured way. For example, Case (B) uses a skills 

database to identify who should be asked whilst Case (E), in addition to the skills 

database, uses other approaches such as structural skills network and question and answer 

forum on the Intranet. Also, all organisations rely heavily on previous experiences to 

solve problems. Case (E) uses previous experiences in a more mature way. They use it in 

two ways: they use broader experiences for better designs; and use these experiences to 

develop easy design routines. The other organisations follow a mixture of formal and 

informal approaches. Organisations also rely on various management methods for sharing 

structural design knowledge such as early design meetings, quality reviews, monthly 

reviews, value engineering meetings etc. The methods used for solving problems that 

require obtaining new structural design knowledge can be summarised as: 
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Informal Methods 

" Previous experiences; 

" Consulting colleagues; 

" Sending emails; and 

" First principles; 

Formal Methods 

" Early design meetings; 

" Key design meetings; 

" Quality reviews; 

" Monthly management reviews; 

" Skills databases; 

" Group meetings; 
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Design management systems with value engineering meetings during concept 

design; 

Value engineering meetings during detailed design; 

" Design management procedures; 

Structural skills networks; and 

" Question and answer forums on the Web. 

Types of knowledge involved in the problems 

Knowledge is either tacit or explicit as identified in the literature review. All 

organisations agree that more tacit knowledge is required at concept design, which is 

usually done by senior and experienced engineers. Detailed design relies more on design 

standards, codes, regulations etc and hence involves more explicit knowledge. Although 

the interviewees gave different figures for the percentages of tacit and explicit knowledge 

involved in the design stages, these figures remain within a predictable range. The reason 

for the different figures is that this is a subjective measure, which completely depends on 

the interviewees' perceptions. Combining the figures, it can be said that at least three 

quarters (between 70% and 95%) of the knowledge involved during concept design is 

tacit and that at least three quarters of the knowledge involved during detailed design is 

explicit knowledge. Therefore, more tacit knowledge needs to be communicated with 
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those involved in concept design whilst more explicit knowledge needs to be made 

available the engineers involved in detailed design. 

5.3.2 Potential of KM for Addressing the Knowledge Problems 

The preceding section shows that engineers involved in structural design face several 

knowledge problems and that these problems are solved in different ways. This section 

investigates the possible role of KM for solving such problems. The discussion covers 

three areas: the benefits that KM can offer to solve problems related to structural design 

knowledge; how the case study organisations actually share their knowledge; and the 

future plans of these organisations to improve the sharing of their structural design 

knowledge. 

Expected/achieved benefits from KM 

All interviewees except one (Case A) agreed that KM is very useful for managing 

structural design knowledge. Of the five cases investigated, Case (A) and Case (B) did 

not have KM strategies. Case (A) was not aware of the concept of KM and therefore 

could not identify the role of KM for structural design. Case (B) was aware of the concept 

but did not have a strategy because they feel that their infrastructure needs to be improved 

before implementing KM. Case (B), however, sees KM as very important for sharing 

structural design knowledge. Cases (C), (D) and (E) are at different stages of 

implementing KM. Case (C) has investigated the concept very deeply and a detailed 

strategy for implementing KM was developed by the Bridges and Civil Structures Group 

with a leader who is a senior structural engineer. Case (D) was at an advanced level of 

implementing KM. However, the structural engineering groups within the organisation 
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were not actively involved in KM. They believe that KM is important for sharing 

structural design knowledge but the system in their organisation did not address their 

needs and they therefore rarely use it. This is due to the fact that this is a contracting 

company where the majority of its works takes place on site. The organisation employs 

about 30 structural engineers compared to a total of 6000 employees within the 

organisation. This is about 0.5% of the manpower within the organisations and this 

explains why the organisation did not pay enough attention to the requirements of 

structural engineers compared to project managers and site engineers. Structural 

engineers feel that if they were consulted before the KM strategy was developed, then the 

system would have been able to serve them as well as the others. Case (E) is a leader in 

structural engineering and employs around 1500 structural engineers making more than 

20% of the manpower in the organisation. The organisation is at a very advanced level of 

implementing KM where the structural engineering group believes that KM provides 

several benefits to them. The structural engineering division within the organisation has 

driven KM largely as most of the efforts to capture knowledge and to generate the 

knowledge networks are through this division. This reflects the increasing benefits 

achieved from implementing KM. From the cases investigated, it is concluded that the 

benefits of KM can be divided into two groups: specific benefits to structural engineers; 

and generic benefits: 

The specific benefits to structural engineers can be identified as follows: 

" Obtaining design knowledge quickly (concept and tender design); 
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" Improving design activities; 

" Capturing and communicating the technical expertise of senior engineers (tacit 

knowledge for concept design and detailed design); 

" Expanding organisational memory; 

" Identifying `who knows what'; 

" Reducing design cycles (detailed design); 

" Reducing design time (concept and detailed design); 

" Developing easy design routines (detailed design); 

" Making past design reviews and standard ways of analysing particular situations 

easily accessible (explicit knowledge mostly for detailed design); and 

" Improving and accelerating the learning process (practical sharing of tacit and 

explicit knowledge). 
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The benefits to structural engineers and other include: 

" Making better designs/solutions; 

" Increasing satisfaction in clients; 

" Expanding the organisation's memory; and 

9 Identifying `who knows what'; 

Approaches used for sharing structural design knowledge 

Cases (A) and (B) did not have a KM strategy but used some basic approaches which may 

be considered as KM activities e. g. skills databases and the Intranet for information 

sharing. Case (C) has a detailed strategy, which explains how structural knowledge can be 

shared. Examples of the approaches identified in the strategy are expanding the skills 

database (experts register), using the Intranet to facilitate communication, promoting the 

capture of tacit knowledge and making explicit knowledge easily searchable and 

accessible. Case (D) had a KM strategy system, which was not used by the structural 

engineers because it did not address their requirements. Case (E) followed different ways 

for sharing structural design knowledge. In fact, Cases (C) and (E) had more structured 

approaches and are more serious about sharing structural design knowledge. The KM 

activities adopted for sharing structural design knowledge within the investigated 

organisations are: 
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" Skills databases; 

Intranets as a main tool for sharing knowledge; 

" Promoting the capture of tacit knowledge; 

" Making explicit knowledge easily searchable and accessible; 

" Using question and answer forums within CoPs; and 

" Using structural skills networks; 

Future plans 

Cases (A) and (B) did not have plans for KM. Case (D) had a KM system which was not 

being used by structural engineers. The structural engineering division had simple plans 

such as training their engineers to use the system and exploring the use of discussion 

forums. Future plans for Case (C) revolve around piloting and launching the KM system 

by January 2003 while plans for Case (E) revolve around improving the existing system. 

The improvement plan consists of re-designing the Intranet, developing a standard 

template for capturing specific knowledge about every project from existing knowledge 

bases, enhancing the search facilities within the system, and encouraging engineers to 

contribute knowledge that is not captured in reports. The organisation also has plans for 
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branding its knowledge so that a particular knowledge can be found under several 

categories. 

5.3.3 Role of IT in Supporting a KM Strategy 

All the case study organisations agree that IT is an important facilitator for implementing 

KM and they identified Intranets as the main IT tool. One of the organisations used 

`Autonomy' to search to contents of its Intranet. The companies investigated did not use 

any other KM tools or software applications. The interviews show that organisations are 

confused by the large number of software applications available in the market place. 

Therefore they decided to either consider Intranets as an alternative to these software 

applications or to adopt in-house software development although this solution is very 

expensive and risky in many cases. One of the interviewees says `we will develop our 

own system rather than buying one which may not work'. 

5.3.4 Need for a Methodology for KM Strategy Formulation 

The discussion of the case organisations shows that the organisations involved in 

structural design face problems during concept design and detailed design. These 

organisations follow different ways for solving these problems where KM is seen as a 

potential approach for sharing structural design knowledge. The KM activities adopted 

and the future KM plans developed by the organisations indicate that there are some 

issues that need to be taken into account when developing a KM strategy: 

Firstly, organisations need to identify what knowledge to manage at the early stages of 

developing a strategy. Case (A) did not have a KM system or a plan for such system due 
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to being unaware of the concept of KM and also being unsure whether they really need to 

share a particular knowledge. Case (B) was aware of the importance of KM but did not 

take it seriously because they did not see how KM would solve specific KM problems. 

Case (C) developed a detailed KM strategy but this strategy remains generic because it 

did not identify what specific knowledge they need to manage. For Case (D), structural 

engineers did not really benefit from the organisation's KM system because the 

knowledge they are interested in was not in the system. Case (E) stated that they would 

re-design their Intranet because there were many things placed on it, which were not 

required by users. 

Secondly, organisations should identify the goals for managing their knowledge. Case (D) 

developed a system, which was not used by its structural engineers. One of the reasons 

for not using the system was that it did not identify the goals of the structural engineering 

group for using the system. Case (E) shows that one of the difficulties identified is that 

many contributors to the knowledge base did not see how their knowledge would be used. 

This is due to the fact that the organisations did not identify specific goals for managing 

their knowledge. 

Thirdly, organisations need to develop detailed strategies of how their KM would be 

implemented. Such strategies should include several issues like identification of the KM 

initiatives, people needed, tools required etc. Cases (C), (D) and (E) had detailed 

strategies for KM. These strategies identified the people who should develop the system 

and focused on using Intranets. Other issues such as the various tools required and 

changing organisational culture were not properly addressed. Cases (D) and (E) had some 

1 
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problems when they started implementation. Case (D) realised, after implementation, that 

they should have considered using discussion forums as one of the tools for sharing tacit 

knowledge while Case (E) realised that the search tool they used for finding the explicit 

knowledge stored within the KM system was not ideal. In fact, this is one of the key 

weaknesses in most KM strategies; they produce plans for implementation but minimum 

effort is spent on understanding the different tools (IT and non-IT) that are required. 

Fourthly, organisations need to assess and evaluate the appropriateness of the developed 

strategy. It is possible that many of the problems encountered during the implementation 

of a KM strategy are due to the strategy not satisfying what the organisations were aiming 

for. Therefore, these strategies need to be evaluated to ensure that they deliver the 

organisational business goals. 

From the issues identified above, it is evident that there is a need for a detailed 

methodology for organisations interested in implementing KM. This methodology needs 

to be developed within the context of an acceptable framework. Based on the findings 

from the case study interviews, the features of the required framework have been 

identified and the framework has been developed as illustrated in Figure 5.1. 

121 



Chapter 5 Industrial Case Studies 

WHAT KNOWLEDGE 
" Identify knowledge to be managed. 

WHY MANAGE IT 
" Identify goals for managing the knowledge. 

HOW MANAGE IT (STRATEGY) 
" Identify KM initiatives. 
" Identify people needed. 
" Identify tools required (IT and non-IT). 
" Develop a plan for implementation. 

EVALUATE STRATEGY 
" Assess the developed strategy before implementation. 

Figure 5.1: Conceptual framework for developing and implementing a KM strategy 

5.4 SUMMARY 

The aim of this chapter was to investigate the potential of KM for managing structural 

design knowledge. Findings from the five case study organisations show that they agree 

on the importance of KM for sharing structural design knowledge. Some of these 

organisations had already tailored their KM strategies towards structural design. 

However, several problems were faced during implementation. This informs of an urgent 

need for a framework that guides organisations through developing their KM strategies. 

Findings from the case study organisations helped in identifying the features of such 

framework. Based on the features identified, a conceptual framework for developing and 

implementing KM strategies was developed. 
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CHAPTER 6: METHODOLOGY AND PROTOTYPE DEVELOPMENT 

6.1 INTRODUCTION 

The conceptual framework developed in the previous chapter needs a detailed 

methodology that supports the implementation of its different stages. This chapter 

describes some of the existing KM methodologies with an analysis of their main features. 

It then presents a new methodology and describes how it was encapsulated into a 

prototype system. 

6.2 EXISTING METHODOLOGIES 

6.2.1 Description of Existing Methodologies 

Methodologies are more detailed and comprehensive than frameworks where good 

methodologies are usually built on coherent frameworks (Rubenstein-Montano et al., 

2001). The conceptual framework developed in Chapter 5 (Section 5.3.4) requires a 

detailed methodology developed within its context so that it can be implemented 

effectively. The aim of this research is to develop a structured approach or a methodology 

for sharing structural design knowledge. But the case studies discussed and the 

conceptual framework developed show that organisations involved in structural design 

need a generic methodology that guides them through developing a KM strategy that suits 

their own needs. However, before any methodology can be developed, it is important to 

investigate some of the key existing methodologies. 
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Literature identifies several methodologies for developing and implementing KM 

strategies. Some of these were developed without being supported by a framework while 

others are being supported by coherent frameworks (e. g. Rubenstien-Montano et al., 

2000, Anumba et al., 2001). Also, several methodologies were developed by 

organisations for their own use or as commercial products. For example, Xerox Connect 

(1999) (a consulting, integration and outsourcing arm of Xerox) developed their X5 

methodology as a commercial product. This methodology links KM to business goals and 

consists of five steps: 

" Discovery - identify business goals, challenges and opportunities; 

" Definition - determine key requirements and scope of the project; 

" Start up - develop detailed project plan; 

" Delivery - implement the plan; and 

" Evaluation - ensure that results meet expectations and facilitate knowledge transfer. 

Dataware Technologies Inc (1998), provided a fairly detailed KM methodology 

consisting of the following stages: 

" Identify the business problem; 
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0 Prepare for change - obtain executive support and make the shift to a sharing 

culture; 

" Create the team - people responsible for leading KM; 

9 Perform a knowledge audit - identify what knowledge is missing and organise the 

knowledge; 

0 Define key features required for the technological infrastructure; 

0 Implement KM activities - e. g. improve Return on Investment (ROI) on existing 

knowledge assets, enhance the process of locating applicable knowledge, enable 

faster access to critical knowledge, etc.; and 

0 Link people to knowledge - knowledge directory and content management. 

Rubenstein-Montano et al. (2001), developed a detailed methodology consisting of 

several phases and multiple feedback loops. The methodology is based on a framework 

consisting of five KM phases namely strategise, model, act, revise and transfer. Each KM 

phase consists of specific procedures, sub-procedures and outputs. The procedures within 

each phase are illustrated below: 
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" Strategise - perform strategic planning, business needs analysis, and conduct 

cultural assessment; 

0 Model - perform conceptual modelling, and physical modelling; 

" Act - capture and secure, represent, organise and store, combine, create, share, 

learn and loop back to capture and secure knowledge; 

0 Revise - pilot operational use of KM system, conduct knowledge review, and 

perform KM system review; and 

" Transfer - publish knowledge, coordinate KM activities and functions, use 

knowledge to create value for the enterprise, monitor KM activities via metrics, 

conduct post-audit, expand KM initiatives, continue to learn and loop back 

through the phases. 

Wiig et al. (1997) identified a methodology for implementing what they call the `parts of 

KM'. The methodology emphasises the knowledge flows between these parts. This 

methodology was developed within the context of a framework consisting of four stages: 

0 Review - monitor organisational performance internally and against external 

benchmarks. Lessons learnt can be a useful tool; 
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" Conceptualise - Organise the different levels of knowledge in the organisation. 

Identify knowledge assets and link them to business processes that use them. 

Analyse strong and weak points in the knowledge inventory. A set of knowledge 

`bottlenecks' should be identified; 

" Reflect - establish a plan to address and mitigate the bottlenecks. Prioritise the 

parts of the improvement plan; and 

0 Act - implement the improvement plan. Different parts of the organisation may be 

responsible for performing different parts of the plan. 

Tiwana (2000) introduced a well-structured framework described as the KM roadmap and 

consisting of ten steps. This framework is supported by a detailed methodology 

encapsulated in an entire book describing how it could be implemented (Tiwana, 2000). 

The methodology does not tell organisations what to do at every stage but explains what 

needs to be considered. The ten steps are: 

" Analyse an existing infrastructure; 

" Align knowledge management and business strategy; 

" Design the knowledge management infrastructure; 

" Audit existing knowledge assets and systems; 
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" Design the knowledge management team; 

" Create the knowledge management blueprint; 

" Develop the knowledge management system; 

" Deploy, using the Results-driven incremental methodology; 

" Manage change, culture and reward structures; and 

" Evaluate performance, Measure ROI and incrementally refine the KM system. 

Another well-structured methodology for developing KM strategies was developed by 

Anumba et al. (2001). It targets developers of KM initiatives at both tactical and strategic 

levels such as Knowledge Managers and Chief Knowledge Officers (CKOs). CLEVER 

(Cross-sectoral Learning in the Virtual Enterprise) is a framework supported by a detailed 

methodology for the development of KM strategies. It focuses on construction and 

manufacturing organisations as the end users but can be used by any business 

organisation. It consists of four stages where several decisions are required at every stage. 

Each of these stages has a clear aim and defined outputs. CLEVER uses many templates 

which provide a set of outcomes that form a part of the organisation's KM strategy. The 

main four stages of CLEVER are: 

" Clarifying the KM problem and linking it to business drivers/goals; 
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" Identifying dimensions of the knowledge of interest; 

9 Identifying critical migration paths to achieve the desired dimension; and 

" Developing initiatives for the KM sub-processes to address the knowledge 

migration paths. 

6.2.2 Analysis of Existing Methodologies 

A recent analysis of existing KM methodologies identifies three key limitations 

(Rubenstein-Montano et al., 2001): 

" Lack of an overseeing framework; 

" Failure to address the entire KM process; and 

" Lack of detail. 

Lack of an overseeing framework and failure to address the entire KM process in existing 

methodologies indicate the need for a methodology that is both sound and complete. This 

methodology needs to have sufficient details. However, these details should not result in 

unnecessary complexity. From the case studies described in Chapter 5 and from the 

limitations identified by Rubenstein-Montano et al. (2001) a KM methodology needs to: 

" Address all stages of a KM strategy; 
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" Contain sufficient details; and 

" Be easy to use. 

This section investigates the capacity of existing methodologies for fulfilling these 

criteria. Table 6.1 compares existing KM methodologies. The ratings are based on an 

analysis of the published information on each of these. 

Table 6.1: Comparison between existing methodologies for developing KM strategies 

Xerox's X5 Dataware Rubenstein- Wiig et al. Tiwana Anumba et at. 
(1999) (1998) Montano et (1997) (2000) (2001) 

at. CLEVER 
(2001) 

.j Identify what � ��� 
knowledge to manage 

Identify goals for � � � ��� 
managing knowledge 

Develop detailed � � � V, � �� 
GO strategy 
Ü Evaluate the � � 

developed strategy 
2. Level of Detail Not Not V � �� W, I/ � disclosed disclosed 

3. Ease of use Not Not � 
disclosed disclosed 

Comments/Status Academic 

Commercial Commercial Academic Academic Academic Research being 

product product Research Research Research converted into a 
commercial 

product 

�: Good 
��: Fairly Good 
���: Very Good 
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a. Addressing all stages of a KM strategy 

The stages of a KM strategy have been identified in the conceptual framework developed 

in Section 5.3.4. These stages are shown in Table 6.1. The Table shows that no existing 

methodology addresses all four stages of a KM strategy. The methodologies developed by 

Xerox and Dataware Technologies are commercial products and therefore most of their 

details were not published and hence cannot be properly investigated. The methodology 

by Rubenstein-Montano et al. (2001) addresses stages 2 and 3 while that by Wiig et al. 

(1997) addresses stage 3 only. Tiwana's (2000) methodology addresses stages 2,3 and 4. 

This methodology was well explained in his book but using it requires more 

understanding and investigation of the guidelines provided in the methodology. The 

CLEVER methodology addresses stages 1,2 and some elements of stage 3. CLEVER 

contains built-in templates, which distinguish it from the other methodologies. These 

templates provide a highly structured way for guiding users to use the methodology and 

to select the most appropriate options. CLEVER addresses stages 1 and 2 very well but 

addresses stage 3 partly because it only provides generic models to be followed for 

developing KM strategies. 

b. Level of detail 

Some of the methodologies investigated were very detailed. Again, the methodologies by 

Xerox and Dataware Technologies were not published although some indications were 

given in the companies' websites. Tiwana and CLEVER methodologies are very detailed. 

Tiwana's methodology consists of ten steps where a description of how each step can be 

achieved is given. This methodology is more of an academic guide to the possible options 

available at the different stages of the KM lifecycle. The methodology describes these 
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options in detail but does not provide sufficient guidance for identifying the most 

appropriate ones for a specific organisation. On the other hand, the level of detail in 

CLEVER is very well structured. It consists of a group of questions set in different ways 

(e. g. direct questions, selection from given options, matrices, five point scales, etc. ) to 

clarify and identify the knowledge that needs to be managed. It includes eight knowledge 

dimensions, which are used to identify an organisation's current and required status in 

every one of the dimensions. These dimensions are then used to define the organisational 

goal(s) from implementing KM. CLEVER also consists of a group of knowledge 

migration paths (672 paths) based on the identification of which relevant KM sub- 

processes can be identified. Built-in generic models can then be used for developing KM 

strategy. 

c. Ease of use 

The methodologies identified by Xerox and Dataware technologies were not investigated 

in terms of their ease of use due to their inaccessibility barrier as commercial products. 

All the other methodologies were not easy to use due to several factors. The methodology 

by Rubenstein-Montano et al. (2001) had procedures and sub-procedures of how to 

achieve certain outcomes. These procedures and their sub-procedures need more 

structured approaches to guide users to achieve the required outcomes. The methodology 

by Wiig et al. (1997) is more generic and is therefore difficult to use without additional 

guidance. Tiwana's (2000) methodology is very difficult to use and requires extensive 

understanding of the different concepts described within the methodology. It contains 

many details, which depend on understanding the different options and what every one of 
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them could do. The CLEVER methodology is rather easier to use when compared to the 

other methodologies because of its built-in templates. However, using this methodology 

requires multiple inputs resulting in input duplication, cross-relating items resulting in 

confusion, and selection from a large number of built-in models (e. g. 56 migration path 

cells, 672 migration paths etc) resulting in the consumption of a considerable amount of 

time. 

6.2.3 Findings from the Analysis 

The above analysis of existing methodologies for developing and implementing KM 

strategies shows different levels of maturity in these methodologies. The three criteria 

considered for the analysis confirm that: 

0 No methodology addresses all the stages of the conceptual KM framework 

developed in Section 5.3.4; 

0 The CLEVER methodology is very detailed and well structured and fully 

addresses stages 1 and 2 of the conceptual KM framework; 

0 All methodologies partly address stage 3 of the conceptual KM framework; 

0 Stage 4 of the conceptual KM framework has not received adequate attention; and 

0 No methodology is `practically' easy to use. 
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The findings indicate the need for a better methodology that addresses all the stages 

required for developing and implementing a KM strategy. This methodology should 

include sufficient details and be easy to use. To introduce a robust methodology for 

developing and implementing a KM strategy the following five `actions' are important: 

1. Considering the CLEVER methodology suitable for addressing stages 1 and 2 and 

some elements of stage 3. 

2. Encapsulating CLEVER into a prototype system to facilitate its use and to refine it. 

3. Examining the different elements of CLEVER and consider refining them if 

required. 

4. Developing a new methodology that addresses the missing parts of stage 3 and at 

the same time addresses stage 4. 

5. Encapsulating the new methodology into a prototype system. 

The subsequent sections describe how these actions were applied. 
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6.3 THE CLEVER METHODOLOGY 

6.3.1 Overview of CLEVER 

The aim of CLEVER was to support the development and implementation of KM 

strategies with special emphasis on construction and manufacturing organisations 

(Anumba et al., 2001; Kamara et al., 2001). In order to achieve its aim, CLEVER had 

several objectives: 

" Identifying the KM problem and linking it to business drivers/goals; 

" Identifying the current and required knowledge dimensions; 

" Identifying the critical knowledge migration paths to achieve the required 

dimensions; and 

" Using generic models for developing strategies for the migration paths identified. 

These objectives formed the four main stages of CLEVER as illustrated in Figure 6.1. 

The first stage, "identify KM problem", aims to clarify the overall KM problem within a 

business context to deliver a refined KM problem and a distilled set of KM issues from 

the overall problem. The second stage, "identify current and required knowledge 

dimension", aims to identify the current and required status of a range of knowledge 

dimensions to highlight the problem areas, which need more focus so as to deliver a set of 
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concerns or specific KM components of the problem. The third stage, "identify critical 

knowledge migration paths", aims to identify a set of the most critical paths for each 

specific KM problem and an overall set of paths for the whole problem. The last stage, 

"Select Generic KM Sub-processes", aims to help in selecting the appropriate models for 

developing the strategies. These models can be tailored to a particular organisations need. 

Each stage consists of a main template, guidelines and a glossary. 

Organisational and External factors 
Busmass context 

Cla, led 
knowledge 

Identify Problem 
KM Problem 

Identify Current 
Goals 

& Required KM 
Dimensions 

Identify Critical 
A Set oIKnowie e Knowledge Migration Patns 

Migration Paths 

Select Generic 1A Set of Sutab e 
KM Processes KM Processes 

KM Framework 

Figure 6.1: The CLEVER Methodology (Source: Anumba et al., 2001) 

Each of the CLEVER stages has an aim and outcomes. The specific aims and outcomes 

are shown in Table 6.2. 
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Table 6.2: Specific aims and outcomes of CLEVER 

Stage Aim Outcomes 

1. The Problem 
Definition 

To define the overall KM " Clarification of the KM problem 
problem within a business 
context " Distillation of a set of KM 

issues from the overall problem 
2. Identify Current 

and Required 
To identify required status on " Set of specific organisational 

knowledge a range of knowledge KM goals 
Dimensions 

dimensions and to highlight 
areas of future focus. 

3. Identify Critical 
Knowledge 

To identify critical migration " Set of key migration paths for 

Migration paths for each organisational each organisational goal 
Paths. goal 

" Overall set of migration paths 
for all the organisational goals 

4. Select generic 
models to 

To help in selecting the " Set of appropriate KM models, 
develop KM appropriate KM models to which, when tailored to a 
Strategy 

develop a strategy for the p ý' particular organisations need, 
identified goals and their will form its km strategy 
migration paths 

CLEVER consists of four inter-related stages. These are described below. 

Stage 1: The Problem Definition 

This stage represents an approach for clarifying the overall KM problem within an 

organisational business context. It aims to assist users to `think through' the problem in a 

`structured way'. It covers issues that are important for the proper definition of KM 

problems. In order to address these issues, the process consists of several activities 

(Figure 6.2) each comprising a set of questions that address relevant KM issues. The 

developed approach requires the user to (Anumba et al., 2001): 
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" Describe `vague' KM problem; 

" State business drivers; 

" Characterize knowledge; 

" Identify sources and users; 

" Identify enablers and resistors; 

State business 
drivers 

Identify enablers 
and resistors 

Characterise 
knowledge 

Hague' KM 
problem 

problem 
problem 

Identify current 

Refined 

problem 

" Identify current KM sub-processes; 

and 

Restate/Refine the KM problem. 

Identity sources 
and users 

Figure 6.2 Process of clarifying KM problems. 

Reproduced from: Anumba et al. (2001) 

Stage 2: Identify Current and Required Knowledge Dimensions 

This stage helps in identifying the organisational goal(s) from implementing KM. It is 

used to confirm the knowledge dimensions of the current status and to identify the 

required status with regard to organisational strategy and policy. A clear set of 

organisational goals are extracted and prioritised, and these are used to identify migration 

paths for each identified goal. 

Stage 3: Identify Critical Knowledge Migration Paths 

This stage focuses on defining how the organisation proceeds from the current to the 

required knowledge status. A set of 56 pre-defined templates is included to help in 

identifying the knowledge migration paths. Each organisational goal is considered at a 

time and the overall set of migration paths are mapped out for the overall KM problem 

under consideration. 
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Stage 4: Select Generic Models to Develop KM Strategy 

This stage deals with the selection of appropriate KM process(es) to move along each 

migration path. Thus for each migration path defined in the previous stage, the relevant 

KM sub-process is selected from a list of sub-processes. Organisational enablers/resistors 

that may affect the implementation of the selected process are also identified. Every KM 

process is supported by a set of generic models that can be followed to develop a KM 

strategy. 

6.3.2 Application of the Methodology 

The implementation of each stage of the methodology requires the use of various pre- 

defined templates. These are: the problem definition template (PDT); the knowledge 

dimensions guide; the migration path identifier; and the generic KM process models. 

The Problem Definition Template (PDT) 

The PDT consists of a structured set of questions which are divided into five sections: 

`type of knowledge', `characteristics of knowledge', `sources and users of knowledge', 

`current sub-processes for managing knowledge', and `restatement of problem'. After 

completing the template, the user reviews the knowledge problem that was described at 

the beginning and refines it based on the understanding gained through using the 

template. 

The Knowledge Dimensions Guide 

The `knowledge dimensions guide' consists of eight knowledge dimensions where every 

dimension is described by two contrasting words e. g. tacit versus explicit. Also each 
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dimension is complemented by information on the organisational implications of the 

dimension. By indicating on a five-point scale the current and required knowledge status 

it is possible to identify the organisational goal(s) for implementing KM e. g. to transfer 

tacit knowledge to be more explicit in order to aid the decision making process. It is also 

possible to prioritise the goals based on the `distances' between the current and required 

status on the dimensions' scales. 

The Migration Path Identifier 

The `migration path identifier' consists of 56 cells that define the possible migration paths 

for the knowledge dimensions. Every cell allows selecting from 12 possible paths. The 

cells also include descriptions of each path so that users can easily identify the relevant 

paths. 

KM Process Models 

The last set of templates in CLEVER is the `KM process models'. For each migration 

path, a KM process (e. g. knowledge transfer) is selected. The possible factors that could 

facilitate (`enablers') or hinder ('resistors') the migration to the required status are also 

identified. For every KM process there is a set of generic models, which assist in 

developing an appropriate KM strategy that reflects the organisational needs. 

6.3.3 Objectives and Features of the CLEVER Prototype 

The second `action' identified in Section 6.2.3 requires encapsulating the CLEVER 

methodology into a prototype system to facilitate its use. The aim of prototype is to 
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simplify the format and use of the CLEVER methodology and to refine it. To achieve its 

aim, the prototype was designed to address the following objectives: 

" clarification of the knowledge that needs to be managed; 

identification of the organisational goals from managing the knowledge; 

" development of a KM strategy; and 

" future integration of the system with other systems. 

To achieve the outlined objectives of the CLEVER prototype, the system was designed 

to: 

" Provide sufficient and user-friendly guidance on how to use the system; 

" Allow for convenient entry, viewing, and editing of information at any stage; 

" Facilitate the refinement of a KM problem; 

" Allow for easy identification of current and required status of knowledge 

dimensions; 
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" Facilitate the identification and prioritisations of organisational goal(s) from 

implementing KM; 

" Facilitate the investigation of every knowledge dimension against other 

dimensions; 

" Allow for easy selection of knowledge migration paths; 

9 Allow for developing KM strategies for the generic models within the KM process; 

" Facilitate the generation of a report that can be viewed at the different stages; and 

9 Allow for future integration with other KM tools. 

6.3.4 Prototype Software Development 

The development of prototype software follows two approaches namely evolutionary 

prototyping and rapid prototyping (Crininion, 1991). Evolutionary prototyping follows 

very structured approaches for building the prototype and requires detailed documentation 

of the development process. 

Software rapid prototyping is `a dynamic, interactive, visual model of the user's 

requirements as an implemented design' where a useful rapid prototype has the following 

characteristics (Connell and Shafer, 1995): 
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" built quickly and demonstrated early; 

" provides mechanisms for users to try out proposed parts of a system, and then give 

direction for additional features and refinement; 

" easy to modify; and 

" initially intentionally incomplete. 

Several implementation environments can facilitate the development of prototypes and 

general systems. These include (Britton and Doake, 1996): 

" Programming in a procedural, third-generation language (3GL) (e. g. FORTRAN) 

where the programmer has to carry out detailed design of how every task is 

performed; 

" Programming in a problem-oriented fourth generation language (4GL) (e. g. C, 

C++, MS Visual Basic) where the programmer merely has to define what must be 

done; 

" Using a general-purpose integrated package which incorporates facilities such as 

word processing, spreadsheets, database and report generators; and 

" Use and customisation of specific application (commercial packages). 
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In the development of the prototype, Object Oriented Programming (OOP) was selected 

as the programming paradigm. OOP is not tied to any particular programming language 

and theoretically, almost any language can be used for OOP. A number of such languages 

are currently available. Microsoft Visual C++, Borland Delphi, and Microsoft Visual 

Basic are most commonly used by Microsoft Windows developers. Therefore OOP 

implementation by other software procedures closely follow the guidelines set down by 

Microsoft and Borland. 

Microsoft Visual Basic, version 6, was selected to be the environment for the 

development and the selection was based on the following rationale: 

0 As one of Microsoft products, it allows future integration with potential software 

products such as Word, Excel, Access, Visual C++, and Visual J++; 

" Microsoft Visual Basic is more self contained than Visual C++ and Borland 

Delphi; and 

" It is supplied as a complete programming language containing all requirements to 

create a fully-functioning, stand alone Windows EXE applications. 

6.3.5 Development of CLEVER within MS Visual Basic 

a. System Architecture 

To accomplish the objectives of the prototype, the system architecture, shown in Figure 

6.3, was developed. The four main elements provide a means for developing a KM 
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strategy. These elements are `KM Problem', `KM Goals', `Migration Paths', and 

`Developing Strategy'. The solid arrows linking the four elements indicate that entry and 

viewing of information is done forwards. However, the dashed arrows at the bottom of 

the elements show that the user can go backwards to edit previous input for any element 

or part of an element. The arrows linking the elements to the report show that the 

information, once entered, is immediately sent to the report and is instantly modified if 

input is edited. 

User Interface 

b. User-Interface Design 

The prototype was developed in Microsoft Visual Basic by means of creating, forms, 

macros, and reports. Users interact with the system through the main forms. Other forms 

were embedded within the main forms and activated by the use of command buttons. 

Forms are used to input, edit, and view the information. Three main types of forms were 
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developed namely; input forms, output forms, and help forms. The help forms, embedded 

within the input forms, were used to allow for effective guidance for using the system. 

Controls, event procedures and general procedures were used to design the forms. Sliders, 

command buttons, option buttons, labels, text boxes, and some drawing features were also 

used. 

c. Code Development 

MS Visual Basic has automatic code generation capability. The codes are generated 

automatically when, for example, the application forms and controls are created. Other 

codes for handling decisions have been developed. Some of the codes developed for 

handling major decision steps are listed in Appendix A3. 

6.3.6 Refinement of CLEVER 

The third `action' identified in Section 6.2.3 requires to examine the different elements 

within CLEVER and to refine it. This can be best done through using the automated 

version of CLEVER. This section describes the approach used to refine the CLEVER 

methodology through using its automated version. 

1. Refinement Approach 

Organisations from construction and manufacturing industries were approached in order 

to refine the prototype. Selected organisations were contacted to establish willingness to 

participate, then arrangements were made for workshops. Four workshops were 
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conducted. These included 12 staff members and consisted of `guided' and `free use' of 

the prototype. 

Case Fl 

This four-hour workshop was conducted in the organisation's office with 6 participants. 

The work experience of the participants ranged between 6 and 35 years. Participants 

consisted of the Key Account Manager (North America), Quality Manager, Sales Office 

Manager, Business Development Manager, Technical Manager, and Quality Manager. 

The workshop started with a presentation on KM because some of the participants were 

new to the concept. This was followed by another presentation on the CLEVER 

methodology. A demonstration about the prototype system was then made. The 

participants made use of the prototype by working through a specific problem on a 

consensus basis. They also completed a questionnaire at the end of the workshop. 

Case G 

Two participants were involved in a three-hour workshop in the company's office. The 

participants were the Continuous Improvement Manager and Business Improvement 

Manager. They had 14 and 36 years of experience within the construction industry. Both 

participants were involved in a KM initiative within the organisation. The workshop 

consisted of a presentation on the CLEVER methodology and a demonstration on the 

prototype system. Participants then used the prototype to work on a specific KM problem, 

with one of them having hands-on-use in inputting information to the system to allow for 

direct interaction. Participants also completed a questionnaire at the end of the workshop. 

1 Case-study organisations start with the letter (F) to avoid confusion with those described in Chapter 5. 
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Case H 

The Knowledge Manager of a leading construction organisation was involved in a two- 

hour demonstration. The participant had 15 years of experience within the construction 

industry. The participant was one of the CLEVER project collaborators and therefore had 

a background of the paper format of CLEVER. The demonstration was followed by an 

open discussion of how the methodology could be improved. He also completed a 

questionnaire. 

Case I 

This two-hour workshop involved three participants. The participants were the 

Knowledge Manager, Knowledge Editor, and Research Manager. They had work 

experience, within the construction industry ranging between 15 and 25 years. All 

participants were involved in a KM initiative within the company. The workshop 

consisted of a presentation on the CLEVER methodology followed by a demonstration of 

the prototype. The participants then used the prototype to go through a specific problem 

after which they completed a questionnaire. 

2. Refinement Questionnaire 

A questionnaire (Appendix A4) was designed to obtain the views of end-users on the 

usefulness of the methodology and how it could be improved. The questions were based 

on a five-point-scale from poor to excellent. The questionnaire was divided into sections 

covering the prototype subsystems and a general section on the whole system. The 

questions on the subsystems covered their specific features and how well they supported 

the system's functionality. The section on the overall system, on the other hand, covered 
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issues on the management of the system interaction, its effectiveness, and clarity and 

accuracy of outcomes. At the end of every section, participants were allowed to suggest 

how the system could be improved. They were also encouraged to add further comments 

at the end of the questionnaire. 

3. Findings 

The workshops proved that the CLEVER methodology is very useful for an organisation 

or a unit within an organisation. It is also agreed that encapsulating the methodology into 

a prototype system enhances its functionality and makes its use far easier. The prototype 

delivers a well-defined knowledge management problem, goals for implementing KM, 

knowledge migration paths, and generic models to be followed for developing a KM 

strategy. The methodology was very much welcomed by the participants involved. Given 

the small sample, this outcome cannot be generalised at this stage. It, however, gives an 

indication that the system can be easily used either in its current form or by linking it to 

other KM methodologies. 

It is also evident from the response received from participants that the CLEVER 

methodology and its supporting prototype: 

" Provide a potential tool for clarifying `vague' KM problems into specific issues; 

" Facilitate the identification of the organisational goals from KM; 

" Give a very structured approach towards developing a KM strategy; 
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9 Present a generic prototype that can be used by any business organisation; and 

9 Offer a new KM tool that organisations would find very useful. 

In fact, all participants responded to the questions by giving scores between three and five 

with most of the questions given scores of four out of five. On the other hand, some 

modifications were suggested to improve the methodology and its supporting system. 

Suggestions for improving CLEVER Methodology are: 

1. To ensure consistency in the terminologies used (e. g. consistent names of KM 

sub-processes in stages 1 and 4); 

2. To link the problem definition template to the subsequent stages; and 

3. To combine the KM sub-processes ̀modify' and `maintain' to one sub-process 

and to combine the `propagate' and the `transfer' sub-processes. 

The first suggestion was addressed through reviewing all terminologies used. Few were 

found to cause the confusion e. g. the use of `group knowledge' and `shared knowledge' to 

mean the same thing. These have been addressed. The second suggestion was addressed 

through recalling the main elements of the problem definition template (business drivers, 

enablers and resistors matrix and current KM sub-processes) when developing a KM 

strategy. The third suggestion was done. 
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Suggestions for improving CLEVER Prototype are: 

1. To show the `Organisational Goal' next to the relevant knowledge dimensions; 

2. To show the `Organisational Goal' when selecting knowledge migration paths; 

3. To add more help commands to explain the terminologies in the system and to 

give more description on how to use it; and 

4. To allow users to `add' their own dimensions/ideas to the given ones. 

All the suggested modifications were addressed. However, it should be noted that the 

fourth suggestion might not always be useful. For example, if a knowledge dimension is 

added to the existing eight dimensions, the user cannot identify the knowledge migration 

paths for that dimension, as these are built-in within the system. However, the system will 

give a warning when the user adds a new dimension. 

6.3.7 CLEVER and the Objectives and Features of the Prototype 

The CLEVER prototype was designed to satisfy the required objectives and features for 

the prototype, set out in Section 6.3.3. A summary of the desired features of the prototype 

and the way in which they were achieved is shown in Table 6.3. 
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Table 6.3: Summary of how desired features of the CLEVER nrototvne were achieved 
Desired How achieved 

Provide sufficient and user-friendly " Whenever required, help buttons where embedded within input forms to 
guidance on how to use the system provide guidance on completing the forms 

Allow for convenient entry, " Designed forms allowed the display and editing of stored data 
viewing, and editing of information 

at any stage " Command buttons inserted in the forms allowed easy navigation 
between the forms at any stage of the activity 

Facilitate the refinement of a KM "A command button, in the last form, allows for re-stating the KM 
problem problem, which is then fed back to the main form 

Allow for easy identification of " Two sliders are used select the current and required knowledge status 
current and required status of 
knowledge dimensions 

Facilitate the identification and " Locations identified for the two sliders are used to state the 
prioritisations of organisational organisational goals 
goal(s) from implementing KM 

" Distance between the two sliders is used to calculate its priority 

Facilitate the investigation of every "A `Go' button next to every goal activates the relevant forms 
goal against other goals 

Allow for easy selection of " Option buttons guided by arrows and written text help in identifying the 
knowledge migration paths knowledge migration paths 

Allow for developing KM strategies " 'Labels' describing the generic KM sub-processes can be activated by 
for the generic models within the clicking them 
KM process " Clicking a label would activate a form for information entry, which 

once entered, is immediately sent to a report form 

Facilitate the generation of a report "A 'Report' button can be activated at the end of any of the following 
that can be viewed at the different stages: defining the KM problem, identifying the KM goals, stating the 
stages migration paths, identifying the KM sub-processes, and developing KM 

strategy 

Allow for future integration with " As a Microsoft product, Visual Basic can be easily linked to other 
other KM tools packages 

6.4 THE IMPAKT METHODOLOGY 

6.4.1 Overview on IMPaKT 

The fourth `action' identified in Section 6.2.3 requires the development of a new 

methodology that addresses the missing parts of stage 3 and at the same time addresses 

stage 4 of the conceptual framework developed in Section 5.3.4. This led to the 

development of the IMPaKT (Improving Management Performance through Knowledge 

Transfer) methodology. 
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IMPaKT is a new methodology developed within a research project entitled Knowledge 

Management for Improved Business Performance (KnowBiz). The methodology was 

developed by the KnowBiz Team, which includes the author. His responsibility focused 

on aspects related to the assessment of the business problem in the context of a 

knowledge management strategy. This included development of the KM Tool Selector, 

refinement of the IMPaKT methodology and the development and implementation of the 

software architecture for the IMPaKT methodology. 

IMPaKT is a three-stage methodology for linking KM to performance measurement 

(Figure 6.4). The aim of the methodology was to assess the impact of knowledge 

management on organisational performance. It has the following objectives: 

" Determining if the business strategy of an organisation has a KM dimension; 

" Developing a KM Strategy; and 

" Evaluating the impact of KM strategy on the performance of the organisation. 
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Each of the IMPaKT stages has an aim and outcomes as shown in Table 6.4. 

Table 6.4: Specific aims and outcomes of IMPaKT 

Stage Aim Outcomes 

Identification To provide a structure for " Business improvement plan with 
of Business formulating a strategic business performance targets and 
Strategy plan by defining strategic measurable indicators to assess 

objectives and developing progress 
performance measures for 
monitoring business improvement 

Development To clarify whether a business " KM strategic plan with a set of 
of KM problem has a knowledge initiatives and implementation 
Strategy dimension and to develop specific tools to support business 

KM initiatives to address the improvement 
business problem 

Evaluation of To provide a structured approach " Evaluation and review plan with 
KM Strategy for evaluating the impact of KM expected impact of KM initiatives 

initiatives on business performance on business performance and 
implementation priorities 
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IMPaKT stages are described below. 

Stage 1: Identification of Business Strategy 

Stage 1 was aimed at providing a structure for formulating a strategic business plan by 

identifying the external business drivers, defining strategic objectives, identifying critical 

success factors and developing measures for monitoring performance improvement. The 

first step in Stage 1 is to choose a business problem and to analyse the knowledge 

dimension of the problem. The next step involves putting the business problem in its 

strategic context by relating it to the strategic objectives, critical success factors and 

business drivers. The selection of measures for performance monitoring is also a crucial 

aspect of Stage 1. The improvement measures are driven by the firm's strategy and will 

therefore reflect the strategic objectives of the organisation. 

Stage 2: Development of KM Strategy 

The aim of Stage 2 is to clarify whether the business problem has a knowledge dimension 

and to develop specific KM initiatives to address the business problem. First it is 

important to identify the KM sub-processes involved. The next step is to identify the KM 

initiatives required. KM initiatives are systematic goal-directed efforts for addressing a 

KM problem in order to achieve business improvement. Then it is necessary to identify 

the KM tools required for implementing the initiatives. It is also important to develop an 

action plan of what is to be carried out before a KM strategy is implemented. The action 

plan is developed against the reform needed, resources required and results monitoring 

mechanism. 
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Stage 3: Evaluation of KM Strategy 

The aim of Stage 3 is to provide a structured approach for evaluating the impact of KM 

initiatives on business performance. The outcome of Stages 1 and 2 is a business 

improvement strategy underpinned by KM. Two distinct types of performance measures 

are identified; measures of effectiveness and measures of efficiency. Measures of 

Effectiveness are outcome-based measures relating to the degree to which target 

performance measures are achieved but does not take account of the cost of 

implementation. Measures of Efficiency are process-based measures relating to the nature 

of the KM system used in implementation and are a ratio of expected benefit or utility per 

unit of KM investment. 

6.4.2 Application of the Methodology 

The implementation of each stage of IMPaKT requires the use of various tools. These are: 

a Glossary, KM Problem Diagnostic Questionnaire, KM Tool Selector (SeLEKT), Action 

Plan Developer, Cause and Effect Map, KM Cost and Benefit/Utility Matrices, and 

Evaluation Method Identifier. 

Glossary 

The Glossary consists of the terminologies used by the methodology to ensure that users 

understand these terminologies in the relevant context. The glossary does not only contain 

definitions but also includes examples supported with further explanations. 
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KM Problem Diagnostic Questionnaire 

This questionnaire consists of several questions reflecting the different sub-processes of 

KM. Based on the answers, users can identify the KM sub-processes that are involved in 

the business problem already identified. For example, giving a `yes' answer to questions 

such as `is there difficulty in transferring tacit knowledge across the organisation? ' or `is 

there problem in the learning process across the organisation' means that the 

organisation's business problem relates to the KM sub-process ̀ knowledge sharing'. 

KM Tool Selector-SeLEKT 

SeLEKT (Selecting and Locating Effective Knowledge Tools) is a comprehensive 

database of KM tools. These are divided into Technologies (IT tools) and Techniques 

(non-IT tools) and are placed in the database according to the KM dimensions that they 

support. Three dimensions have been identified as critical for the selection of the most 

appropriate tools. These are `knowledge transfer domains' (between internal and 

external), `knowledge ownership forms' (between individuals and groups) and 

`knowledge conversion types' (between tacit and explicit). Each dimension has four 

possible combinations (e. g. internal to internal, internal to external, external to internal, 

and external to external) and all three dimensions together have 64 possible combinations 

as shown in Table 6.5. The shaded cells in the right bottom corner represent illogical 

combinations in this context, as organisations are not expected to transfer knowledge 

from an `external' source to an `external' destination. 
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Table 6.5: KM Dimensions and their possible combinations (The SeLEKT Approach) 

KM Dimensions Required Dimensions 

Transfer Domains Internal F. 'xtemal 

Ownershi Forms Indivýiýlual Group Individual Gn, up 

Conversion 
T 

"acit Explicit Tacit Explicit Tacit Explicit Tacit Explicit 
es 

Ly 
di id l I 

Tacit 

ý v ua n 
. Explicit 

Internal 
v 

G 
Tacit 

roup 
E li i xp c t 

I di id l 
Tacit 

v n ua 
Explicit 

L". External 
Tacit 

Group 

Explicit 

After an organisation's KM dimensions have been identified, a database is searched to 

identify the most appropriate tools for every KM sub-process. Two databases are 

included; one for technologies and another for techniques. The database of technologies 

consists of technology categories and their supporting software applications for every KM 

sub-process. The database of KM technologies was developed in three stages: 

0 Identifying Technology Categories and Software Applications that support the KM 

sub-processes - Appendix A5 (light version) and Appendix A6 (t'ull version). This 

was carried out based on subjective analysis`; 

0 Identifying the KM dimensions supported by every Technology Category - 

Appendix A7. This was also based on subjective analysis; and 

2 The subjective analysis was based on: literature review, software exhibitions, interviews with vendors, 
product brochures, websites and demo versions of products. 
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" Relating the Technology Categories to the appropriate combinations of KM 

dimensions - Appendix A8. 

Figure 6.5 illustrates the SeLEKT approach for selecting KM technologies. 

A similar approach is followed for selecting the KM techniques. However, in this case, 

the last stage in Figure 6.5 will consist only of two elements: `relevant KM sub- 

processes' and `techniques for the KM sub-processes'. The database of KM techniques 

was developed in three stages: 

" Identifying the KM sub-processes and their supporting techniques - Appendix A9; 

" Identifying the Dimensions supported by each KM Technique - Appendix A10; 

and; 

" Relating KM Techniques to the appropriate combinations of KM Dimensions - 

Appendix Al 1. 

159 



Chapter 6 Methodology and Prototype Development 

User Interface 

Identify'KM 
Dimensions' 

Database Search 

User-Interface 

Knowledge Knowledge Knowledge 

L Conversion Types Ownership Forms J LTransfer Domains 

DB of `Technology Categories' & `Software Applications' for `KM Sub-processes' 

Relevant 'KM Sub-processes' 

Outcome 'Technology Categories for the 'KM Sub-processes' 

'Software Applications' for 'Technology Categories' 

Figure 6.5: The SeLEKT approach for identifying KM technologies 

KM Action Plan Developer 

The KM Action Plan Developer consists of three sets of questions about the reform 

needed, the resources required and the results monitoring mechanisms. Based on the 

answers to the questions, users can identify if they are ready to implement KM and can 

recognise the actions that they need to carry out. 
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Cause and Effect Map 

This map is developed to encourage users to identify the relationship between three main 

issues: the strategic objectives, KM initiatives and performance measures. Identifying the 

relationships between these makes it easier to recognise the KM initiatives that have more 

influence on the objectives and helps in understanding their interaction with the 

performance measures. 

KM Cost and Benefit/Utility Matrices 

These are two matrices namely the KM Cost Checklist and the KM Benefit/Utility 

Checklist. They are used for calculating the effectiveness and efficiency of the KM 

initiatives. Identifying the effectiveness and efficiency of the KM initiatives helps in 

prioritising them. 

Evaluation Method Identifier 

The evaluation guide is a flowchart that helps in identifying the most appropriate 

evaluation method. The guide includes four evaluation methods: cost minimisation 

analysis, cost benefit analysis, cost effectiveness analysis and cost utility analysis. 

6.4.3 Objectives and Features of the IMPaKT Prototype 

The fifth `action' identified in Section 6.2.3 requires the encapsulation of the new 

methodology (IMPaKT) into a prototype system to facilitate its use. The prototype was 

designed to address the following objectives: 

" Facilitate the development of a business improvement strategy; 
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" Enable the development of detailed KM strategy; 

9 Evaluate the impact of the KM strategy on the performance of the organisation; 

and 

" Allow future integration of the system with other systems that could complement it. 

To achieve the outlined objectives of the IMPaKT prototype, the system was designed to 

have the following specific features: 

" Provide sufficient and user-friendly guidance on how to use the system; 

" Allow for convenient entry, viewing, and editing of information at any stage; 

" Allow for easy assessment of performance gaps; 

" Facilitate the identification of KM sub-processes involved in a business problem; 

" Allow for the easy search and identification of KM tools based on the specific 

requirements of the organisation; 

9 Facilitate the development of an action plan and status of preparedness; 

162 



Chapter 6 Methodology and Prototype Development 

" Allow the easy mapping of relationships between strategic objectives, KM 

initiatives and performance measures; 

" Facilitate the prioritisation of KM initiatives; 

" Facilitate the generation of a report that can be viewed at the different stages; and 

" Allow for future integration with other KM tools. 

6.4.4 Development of IMPaKT within MS VisualBasic 

a. System Architecture 

The system architecture shown in Figure 6.6 was developed to achieve the objectives of 

the prototype. The three main stages provide a means for developing a business 

improvement strategy, developing a KM strategy and evaluating the strategy. The first 

stage requires more input from the user while the second and third stage are more guided 

by the system's built-in templates. The solid arrows linking the three stages indicate that 

entry and viewing of information is done forwards. However, users can go backward to 

modify input at any stage of the project. The dashed arrows show the interaction between 

the individual elements of the system. The arrows linking the stages to the report show 

that the information, once entered, is immediately sent to the report and is instantly 

modified if input is edited. 
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Figure 6.6: System architecture of the IMPaKT prototype 

b. User-Interface Design and Code Development 

Development of the user-interface and programming code followed a similar approach to 

that adopted for CLEVER prototype. Codes developed for handling major decisions steps 

are also shown in Appendix A3. 

6.4.5 Refinement of IMPaKT 

The IMPaKT methodology was investigated to explore the need for further improvement. 

This was carried out through presenting the prototype system to industrial participants to 

capture their views on how it could be refined. 

1. Refinement Approach 

To refine the developed methodology a three-hour workshop consisting of participants 

from industrial organisations was undertaken at Loughborough University. Four 
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companies were involved. The first was a leading construction company where the 

participant had 20 years of experience within the industry. The participant was the 

organisation's Business Improvement Manager. The second organisation was represented 

by a Senior Research Engineer having 11 years of experience in designing building 

projects. The third was an organisation specialised in civil engineering works where the 

participant who is the Head of Business Systems had 30 years of experience and was 

involved in many international projects. The fourth was an organisation that also 

specialises in civil engineering works. The participant was the Business Improvement 

Manager and had an experience of 11 years within the industry. The workshop started 

with a 30-minute demonstration of the developed methodology then an open discussion of 

nearly two hours took place. Participants then completed a questionnaire. 

2. Refinement Questionnaire 

Obtaining views of the participants about the methodology and how it could be improved 

was through the use of a questionnaire (Appendix A12). The questions were based on a 

five-point-scale from poor to excellent. The questionnaire was divided into four sections: 

the Business Improvement Strategy; KM Strategic Plan; the KM Evaluation Strategy and 

a General Section on the whole system. The questions covered the specific features of the 

system and how well they supported its functionality. The general section, on the other 

hand, covered issues on the management of the system interaction, its effectiveness, and 

clarity and accuracy of outcomes. At the end of every section, participants were allowed 

to suggest how the system could be improved. They were also encouraged to add further 

comments at the end of the questionnaire. 
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3. Findings 

All participants agreed that the IMPaKT prototype introduces a new knowledge 

management tool, which appropriately addresses many important KM issues that other 

tools have ignored. The prototype delivers a business improvement plan with 

performance targets and measurable indicators to assess progress. It also provides a KM 

strategic plan with a set of initiatives and implementation tools to support business 

improvement. Furthermore, it develops an evaluation and review plan with expected 

impact of KM initiatives on business performance and implementation priorities. 

The post-workshop discussion and the completed questionnaires confirmed that the 

IMPaKT methodology and its supporting prototype: 

9 Offer a very helpful tool for developing a business improvement plan; 

" Facilitate the development of a KM strategy in a very structured approach; 

" Provide a very potential tool for linking the business improvement strategy to the 

KM strategy; 

" Present a sound approach for evaluating a KM strategy; 

9 Introduce a generic prototype that can be used by any business organisation; and 

" Provide an innovative KM tool that will help many organisations. 
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Participants responded to the questions by giving high scores with most questions given 

scores of four or five out of five. However, some suggestions were made. One suggestion 

was received for improving the methodology: to link the methodology to other 

methodologies that may complement its use (i. e. methodologies that help in identifying 

the knowledge to be managed and the goals from managing it). 

The CLEVER methodology seems best to be linked to the IMPaKT. However, there are 

several issues that need to be considered. First, a new framework should be developed to 

incorporate the link. This framework should investigate any overlaps between the two 

methodologies and how their elements should be integrated. Also, the framework should 

carefully design the flow of information between the two methodologies. This suggestion 

was beyond the scope of this research. Furthermore, it could not be addressed given the 

limited timeframe. 

Suggestions for improving the prototype are: 

1. To include a brief guide about the IMPaKT methodology and how it works; 

2. More guidance is required for identifying the probability of success of KM 

initiatives; 

3. More explanation is required about the evaluation guide for selecting the most 

appropriate evaluation tool to calculate the efficiency of KM initiatives; and 
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4. To allow the system to being linked to other systems within an organisation so 

that existing systems for determining effectiveness and efficiency can be 

imported. 

The first three suggestions are about including more explanation about the methodology 

and its different elements. These have been addressed so that first time users can use the 

prototype with minimum external support. However, it is not expected that first time 

users will be able to use the prototype without external help. In fact, users of such new 

systems need training in order to achieve maximum benefits. The fourth suggestion 

proposes allowing the system to be linked to other systems. This has been considered 

when developing the system provided that the other systems have an open architecture. 

6.4.6 IMPaKT and the Objectives and Features of the Prototype 

The IMPaKT prototype was designed to satisfy the required features established in Section 

6.4.3. A summary of the features and how they were achieved is presented in Table 6.6 

below. 
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Table 6.6: Summary of how desired features of the IMPaKT prototype were achieved 

Desired How achieved 

Provide sufficient and user- " Help can be called at any stage using the menu bar 
friendly guidance on how to use 
the system " Help buttons were embedded within input forms to provide 

guidance on completing the forms 

Allow for convenient entry, " Forms allowed the display and editing of stored data 
viewing, and editing of 
information at any stage " Command buttons inserted in the forms allowed easy 

navigation between the forms at any stage of the activity 

Allow for easy assessment of " Built-in `values' are used for `quantitative' assessment of the 
performance gaps performance gap 

" Built-in 'items' are used for 'qualitative' assessment of the 
performance gap 

Facilitate the identification of KM " Check boxes are used to capture answers which are used to 
sub-processes involved in a identify and state the sub-processes involved 
business problem 
Allow for easy search and " Six sliders are used for identifying the organisational needs 
identification of KM tools based 

on organisational requirements 
Locations of the sliders are used to search the database 

Facilitate the development of an " Five-point scale sliders are used to to state actions needed 
action plan and status of 
preparedness " Traffic light colours are also used to show level of 

preparedness 

" The system also gives a statement on preparedness 

Allow easy mapping of " Command buttons are used to draw or delete relationships 
relationships between objectives, 
KM initiatives and performance 0 Another command button is used to add more entries 

measures 
Facilitate the prioritisation of KM " Drag-and-drop method is used for prioritising KM initiatives 
initiatives based on calculations of effectiveness and efficiency 

Facilitate the generation of a " A 'Report' button can be activated at the end of any of the 
report that can be viewed at the following stages: defining the KM problem, identifying the 
different stages KM goals, stating the migration paths, identifying the KM 

sub-processes, and developing KM strategy 

Allow for future integration with " As a Microsoft product, Visual Basic can be easily linked to 
other KM tools other packages 

6.5 SUMMARY 

This chapter has described and critically examined the existing KM methodologies. No 

existing methodology was found to address all the stages of the conceptual framework 

developed in Chapter 5 (Section 5.3.4) namely, identify what knowledge to manage, 
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identify goals for managing knowledge, develop detailed strategy and evaluate the 

strategy. The CLEVER methodology was found helpful in addressing stages 1 and 2 and 

some elements of stage 3. CLEVER was therefore encapsulated into a prototype system 

and was refined after being presented to several case study organisations. Another 

methodology (IMPaKT) was developed to address the missing elements of stage 3 and to 

address stage 4. IMPaKT was also encapsulated into a prototype system and was refined 

after a workshop with industrial organisations. The next chapter describes utilisation of 

the developed methodologies and discusses the evaluation results. 
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7.1 INTRODUCTION 

This chapter describes the operation of the prototypes developed and illustrates their main 

features. Evaluation of the prototypes is then presented describing the objectives of 

evaluation, methodology, results, benefits, limitations and a discussion. 

7.2 OPERATION OF THE PROTOTYPES 

7.2.1 Running the CLEVER Prototype 

When the prototype is started, a `welcome screen' and a help screen are displayed (Figure 

7.1). The user can either (a) click on `Tell me more' for each stage of interest to read 

about the selected stage or (b) click on `Close this window'. Clicking 'Start' takes the 

user to the first stage `Define a KM problem'. 

A Tool for Organisations to Dovolop a Knowlodqo Managomont Stratogy 

u 
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Stage 1: Defining a KM Problem 

This stage allows the user to state a KM problem. Then it takes the user through a number 

of tasks to refine the problem. Each task consists of a set of questions or issues about: 

" The characteristics of knowledge, 

" Suppliers and users of knowledge, 

" Enablers and resistors; and 

" The current sub-processes for managing knowledge. 

The system displays the questions in "forms" which the user completes. Four forms are 

used to input, edit, and view information. While completing the forms, the user will have 

the opportunity to return to any previous form to modify the input. The easy-to-follow 

labels in addition to the `Help' buttons give enough guidance for completing the forms. 

Figure 7.2 shows the first screen of this stage. 

Rojad 
Cargeny Nena 

A1 What knowledge eie yo. ere td In? r avýrýýrýg knowledge oI siýuciu, d nnq nnas 
FIT 

A2 Pisste . Iect the claete That f Best padice r Srialegies/policie, r Hunan ina 
be: 1 de c be the kncbeedge r P, aJwt krrowkeA r EQ -O/Tob r- Coe .l qa, 

Figure 7.2: Sample screen for identifying the knowledge problem 
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First, the type and nature of the knowledge problem is to be described. This could be a 

general statement, which does not need to be very specific at this stage as it will be 

refined later. Establishing a general statement helps the user to start a wider thinking 

about the KM problem. It also ensures that one KM problem is treated at a time. After the 

general statement has been specified, the user is required to select, from a set of given tick 

boxes, the classes that best describe the knowledge of interest. Several classes of 

knowledge have been built-in within the prototype e. g. best practice, product knowledge, 

operational processes/procedures, etc. Other classes of knowledge may be added. 

The user is then required to identify the business drivers that relate to this knowledge. 

Several categories of drivers are identified by the system e. g. structural change, external 

change, etc. The business driver(s) for every category should then be identified. These 

vary from one organisation to another for example, the business drivers that can affect 

structural change could be expansion, re-structuring, merger and acquisition, etc. while 

those that can affect external change could be new market, new technology, etc. The 

system also allows the user to add other business drivers. To ensure that KM is linked to 

the organisational business drivers, the user is required to relate them to the relevant KM 

sub-processes i. e. what KM sub-processes are affected by the business drivers. For 

example sharing knowledge could be affected by an organisation's expansion or 

restructuring. Clicking the `Next' button at the bottom of the form saves the input, closes 

the form and opens the next one. 
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In the next form (Figure 7.3), the user is required to identify the knowledge dimensions 

i. e. its characteristics, location, and how knowledge is currently acquired. The 

identification of these dimensions is important because these define the organisation's 

current status and therefore helps in recognising the required status. Identification is done 

through selecting, from a five-point scale, the position that best describes the current 

status. For example, knowledge can be completely tacit, mostly tacit, half-tacit, mostly 

explicit or completely explicit. Definitions are given at the alongside of each dimension. 

For example, tacit knowledge exists `usually in people's heads, sometimes referred to as 

experience'. The system also allows users to add further dimensions that reflect the 

specific characteristics of their organisation's knowledge. 
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Figure 7.3: Interface for identifying current knowledge dimensions 
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The next form (Figure 7.4. ) investigates the relationships between the sources and users 

of knowledge. Two matrices are used. The first investigates where the knowledge comes 

from and who/what uses it, while the second investigates the enablers and resistors that 

influence the transfer of knowledge from its sources to users. A source can be an 

individual, software, or paper. In the second matrix, the user is required to identify the 

enablers and resistors that enable or hinder the transfer of knowledge from its sources to 

users. Using this matrix promotes a wider thinking about the enablers that may need to be 

reinforced and resistors that need to be overcome. The user is then required to elaborate 

issues arising from these two matrices. This allows developing an overall view with 

regards to the key sources of knowledge, their intended users, and the potential enablers 

and resistors. Help buttons are provided for guidance on completing the forms. 
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The last form in stage one (Figure 7.5) investigates whether the organisation currently 

uses any processes to manage its knowledge and asks the user to describe how these 

processes are performed. This helps the organisation to understand its existing KM 

initiatives so that the KM strategy will be built on existing tasks that support KM. Five 

KM sub-processes are introduced but users are allowed to add new ones. After the four 

forms are completed, the user can click `Restate the KM Problem' button, which presents 

the problem that was input at the beginning of the first form (Figure 7.2) and asks the user 

to refine it based on the understanding gained after completing the forms. The refinement 

case studies described in Section 6.3.6 confirmed that all organisations concluded with a 

statement different from that they started with. For example `capturing knowledge of 

structural engineers' may become `sharing tacit knowledge of senior structural engineers 

with new engineers in order to reduce design cycles'. 

Figure 7.5: Identifying KM sub-processes being used and re-stating the KM problem 
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Finally, the system is able to produce a report containing a clarified KM problem and a 

refined set of KM issues. This report can be used as a reference point for the organisation 

when developing methods and strategies for KM. Figure 7.6 shows a screen-shot of a 

report created by the system. 
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Figure 7.6: A screen-shot of a report created by the CLEVER prototype 
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Stage 2: Identifying Current and Required KM Dimensions 

The second stage in CLEVER seeks to identify the current and required knowledge 

dimensions so as to state the organisational goals from KM. This stage starts with 

presenting the eight knowledge dimensions (Figure 7.7) identified in the previous stage 

(Figure 7.3) each with two sliders: the top slider reflects the current status (already 

positioned according to the identification in the previous stage) and the bottom slider 

identifies the required status. 

The user can also change the status already identified. Each dimension has an 

organisational impact at the strategic or policy level as shown in brackets below the 

sliders of each dimension. 
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Every dimension is also supported by a `Help' button, which gives a detailed description. 

Clicking `Help' for the first dimension will show the form presented in Figure 7.8. 
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Figure 7.8: Help for the first knowledge dimension - tacit versus explicit 

After the sliders are moved to the corresponding positions, the 'Show Goals' button 

should be clicked to allow the system to state the organisational goals and to prioritise 

them (Figure 7.9). Prioritisation is made according to distance between the current and 

required knowledge status. The `N/A' statement means that both current and required 

dimensions are at the same status reflecting no change. Goals having the same priority 

figure are of the same importance to the organisation. A `Go' button next to every 

`organisational goal' can be clicked to investigate the relevant knowledge dimension 

against the other dimensions. Users are not forced, however, to start with the first priority. 
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Figure 7.9: Identifying KM goals and their priorities 
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Stage 3: Selecting the Knowledge Migration Paths 

The third stage in CLEVER is to identify the knowledge migration paths that need to be 

followed to transfer knowledge from its current to required status. For example, if the 

`Go' button next to the first dimension is clicked, the system presents a cell to investigate 

the relevant knowledge dimension against the next selected dimension e. g. auxiliary- 

critical (Figure 7.10). A knowledge migration path reflects the movement from a corner 

to another in the cell. Every corner is described by two words. For example, the selected 

arrow in the figure represents a migration path from 'tacit-critical' to 'explicit-auxiliary' 

knowledge. The features of every corner are described within the model to help the user 

identifying the most relevant paths. While completing the forms, the user can return to 

any previous form to modify the input using the menu bar at the top of the form. ('licking 

the `Next' button at the bottom of a form saves the selected migration path and opens the 

next form to investigate further selected KM dimensions. 
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Figure 7.10: Identifying knowledge migration paths 
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Upon investigating all the selected knowledge dimensions, the user can click 'Show 

Migration Paths' at the bottom of the last cell to sec a list of migration paths for the KM 

goal under investigation (Figure 7.11). 

At the bottom of the list the user can select from three options, Print, Back to Goals, or 

Derive Generic Processes. Selecting `Back to Goals' takes the user to KM goals identifies 

i. e. Figure 7.9. Clicking `Derive Generic Processes' takes to the last stage of CLEVER. 
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Figure 7.11: A set of knowledge migration paths for a KM goal 
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Stage 4: Developing a Strategy for Implementation 

The last stage in CLEVER is to identify the relevant KM sub-processes for the selected 

knowledge migration paths and to follow a set of generic models for developing a KM 

strategy. Selecting `Derive Generic Processes' in the above screen allows the system to 

show a table of the KM sub-processes (Figure 7.12). The user can identify the KM 

process relevant to each migration path by choosing from the option buttons. 
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Figure7.12: Knowledge migration paths and KM sub-processes 

For the selected KM process, the system introduces a chart illustrating generic guidelines 

to be followed. For example, for the KM process `capturing knowledge', the system 

presents the generic guidelines (the white boxes) shown in Figure 7.13. ('licking any of 

the guidelines changes its colour and activates an input box asking the user to enter the 

element of KM strategy that addresses that guideline. 
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Developing a Knowledge Management Strategy 
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Figure 7.13: Generic guidelines for developing a KM strategy 

Generating a Report 

- 

! -Lfl rethud. 

Finally, the prototype is able to produce a detailed report (Figure 7.14) containing: 

" The KM problem; 

0 Goals and their priorities; 

0 Knowledge migration paths for every goal; 

0 The KM sub-processes and their generic guidelines; and 

"A KM strategy. 
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The CLEVER Prototype 
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Figure 7.14: A screen-shot of a report showing a strategy for Capturing Knowledge 
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7.2.2 Running the IMPaKT Prototype 

The IMPaKT methodology was developed to complement CLEVER in addressing stage 3 

(develop a KM strategy) of the conceptual framework developed in Chapter 5 (Section 

5.3.4) in addition to addressing stage 4 (evaluate the developed strategy). When IMPaKT 

is started a welcome screen asks the user to start a new project or to open an existing 

project. The prototype consists of three main stages: (1) business improvement strategy, 

(2) KM strategic plan, and (3) KM evaluation strategy. 

Stage 1: Business Improvement Strategy 

The first task in this stage is to identify a business problem that has a knowledge 

management dimension. The system contains a glossary of the terminologies used. This 

glossary can be activated through the menu bar or by clicking the term under question. 

The first screen with a glossary defining a `business problem with a KM dimension' is 

shown in Figure 7.15. Next, the user needs to put the identified business problem into a 

strategic context by identifying the external business drivers, strategic objectives and 

critical success factors. After that, it is important to identify the performance measures, 

their associated metric definitions, the expected benefits, the business processes relating 

to the performance measures, and to establish the process sponsors. Examples are shown 

in Figure 7.16. 
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Figure 7.16: Examples of perforºnance measures, related metric definitions and benefits 
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The user is then required to establish the performance gaps. For every performance 

measure identified above, it is important to decide whether a quantitative or qualitative 

assessment will be used by selecting the relevant option buttons shown in Figure 7.17. 

There are four performance scores for every measure: current and target scores are 

required whereas previous and benchmark scores are optional. For quantitative 

assessment, the scores are from 0 to 100 while for qualitative assessment the scores are 

low, medium, high and very high. By clicking `Gap' the differences between the current 

and target values are calculated for the quantitative assessment option. For the qualitative 

assessment, the system will describe the gap as: `small', `small-to-nmoderate', 'moderate- 

to-large', or `large'. The gap analysis provides the basis for developing the KM initiatives 

in stage 2. 
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Stage 2: KM Strategic Plan 

The second stage involves developing a strategy for implementing KM. First it is 

important to identify the KM sub-processes associated with the business problem 

identified in stage one. Clicking `Identify Processes Involved' will open the 'KM 

Problem Diagnostic Questionnaire' (Figure 7.18), which consists of 25 questions 

reflecting the KM sub-processes. The user needs to respond to the questions that represent 

their organisation's status. By clicking `Identify Processes', the system is able to state the 

KM process associated with the business problem. For the example illustrated in Figure 

7.18, the KM sub-processes are locating, capturing and sharing knowledge. This 

questionnaire is simple and useful for those who may be confused by the overlaps 

between the KM sub-processes. 
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Figure 7.18: KM problem diagnostic questionnaire 
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Having identified the KM sub-processes involved, the user needs to develop specific KM 

initiatives to address the business problem identified in stage one. It is critical at this stage 

to develop KM initiatives to address the performance gaps. When the user places the 

cursor on the first line to input an initiative, a pop-up form will open (Figure 7.19) 

reminding the user about the performance gaps identified. The next task is to identify the 

Tools required (IT and non-IT) for implementing KM. The system contains a large 

database of tools organised according to the specific KM dimensions they support as 

described in the SeLEKT approach in Section 6.4.2. 
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Figure 7.19: Pop-up form showing previously identified performance gaps 

If `Select Tools' (Figure 7.19) is clicked the `KM Tool Selector' will open. The user 

needs to identify the current and required status based on three KM dimensions: 

knowledge conversion types (tacit-explicit), knowledge ownership forms (individual- 
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group) and knowledge transfer domains (internal-external). For example, to transfer 

knowledge from tacit to explicit, individual to group and keeping it internal within the 

organisation will lead to the selection of the IT tools shown in Figure 7.20 and the non-IT 

tools shown in Figure 7.21. 
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Figure 7.20: The KM Tool Selector (SeLEKT) 

Figure 7.21: KM Tools selected by the system 
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Once the KM tools have been identified, an action plan can be developed to determine 

what is required before implementing KM. Clicking `Develop Action Plan' will open a 

form consisting of 15 statements, with a ̀ no' or `yes' answers. The response could also be 

between yes and no to reflect different levels of readiness. For example, consider this 

statement: `Organisational and cultural barriers to KM have been identified'. If the 

barriers have not been fully identified then the response would be between No and Yes. 

Upon responding to the statements the system will show the actions needed in three main 

areas: reform; resources; and results monitoring mechanisms (Figure 7.22). The actions 

required are based on `traffic lights' system reflecting different levels of organisational 

readiness. A predominant `red output' means that the organisation is not ready for KM 

whilst a `green output' means that the organisation is ready. The system generates a 

statement on the overall readiness of the organisation, which is also colour-coded. 

S9yp1(Bark NW) 

Figure 7.22: Action plan for implementing KM 
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The final task in stage two is to relate the strategic objectives to the KM initiatives 

(causes) and performance measures (effects) using the cause-and-effect map. The system 

presents a map where the user can draw lines to define and clarify the relationships 

between the strategic objectives, KM initiatives and performance measures (Figure 7.23). 

The user can also alter the map or add to it by clicking 'Show more boxes'. Objectives, 

initiatives, or measures added at this stage will automatically result in changes to the 

previous stages. 
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Stage 3: KM Evaluation Strategy 

The aim of this stage is to evaluate the KM strategy and prioritise its initiatives using the 

effectiveness and efficiencies of KM initiatives. Effectiveness is based on the probability 

of success of the initiatives and their contributions to performance measures (Figure 7.24). 
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Figure 7.24: Determining effectiveness of KM initiatives 

To determine the efficiencies it is important to identify an appropriate evaluation method. 

The method could be identified using the evaluation guide shown in Figure 7.25. 
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Figure 7.25: Evaluation guide for selecting appropriate evaluation methods 

194 



Chapter 7 Operation and Evaluation of Prototypes 

Once the evaluation method is selected, the user can determine the efficiency of KM 

initiatives. This involves identifying the cost of the inputs for the KM initiatives and the 

Benefit or Utility contribution arising from the outputs of the KM (Figure 7.26). Benefits 

are measured in monetary units whilst utilities are measured in non-monetary units. 
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Figure 7.26: Determining efficiencies of KM initiatives 

Additional feature has been incorporated in the system to add flexibility has been 

incorporated in the system so that users can, based on their judgement, prioritise the KM 

initiatives. A drag-and-drop operation where the user can drag the KM initiative to the 

relevant corner in the matrix facilitates this (Figure 7.27). 
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73 EVALUATION OF THE PROTOTYPES 

This section describes the evaluation of the methodologies developed and their associated 

prototype systems. The evaluation was undertaken by a selection of industry practitioners 

who participated in the case study organisations described in Chapter 5, which resulted in 

the development of the conceptual framework described in Section 5.3.4. The evaluation 

objectives are first described. 

7.3.1 Objectives of Evaluation 

The CLEVER and IMPaKT prototypes are computer-based systems for developing and 

implementing KM strategies. These prototypes were first evaluated by industry 
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practitioners from manufacturing and construction organisations. The aim of the previous 

evaluation (Sections 6.3.6 and 6.4.5) was to establish the validity of the methodologies 

developed for general KM use and to identify issues that require further refinement. The 

aim of this evaluation is to identify the capacity of the methodologies developed for more 

specialised KM problems with special emphasis on organisations involved in structural 

design. To achieve this aim, the specific objectives of the evaluation were: 

1. To assess the performance of the prototypes in a number of construction 

organisations involved in structural design (and implementing KM, if possible). 

This includes the overall rationale and accuracy of the output of the prototypes. 

2. To determine the relevance of the prototypes to construction organisations 

performing structural design. 

3. To assess the capability of the prototypes for addressing all stages of KM 

identified in the conceptual framework developed in Section 5.3.4. 

4. To assess the ease with which the prototypes can be used. 

5. To identify and address any errors or weaknesses in the prototypes. 

7.3.2 Evaluation Methodology 

For the evaluation to be truly useful it is necessary to use appropriate organisations. These 

organisations should be involved in structural design and have a KM strategy. To 

investigate if the prototypes can solve the problems identified in the case studies of 
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Chapter 5 and at the same time address all the stages of the conceptual framework 

developed in Section 5.3.4, it was not appropriate to approach organisations `in the cold'. 

Therefore, the evaluation was carried out with the same organisations used for the case 

studies. The participants were the same people interviewed although one (Case A) could 

not participate due to unforeseen reasons. 

7.3.2.1 Evaluation procedure 

The organisations involved in the case studies were asked during the interviews if they 

would be interested in evaluating the research outcome. All had shown interest and were 

senior structural engineers with different responsibilities in the KM system within their 

organisations. After the prototypes were developed, these contacts were approached and 

dates agreed. The evaluations took place in the organisations' offices. Every evaluation 

consisted of three parts lasting approximately one and a half hours. First, a ten-minute 

introduction was given. Then, the interviewee was allowed to use the prototypes for about 

fifty minutes. The author was seated next to the interviewee to provide guidance. This 

was very helpful in giving the user a feel for the system. This was followed by an open 

discussion for twenty minutes. The last ten minutes were used for completing the 

evaluation questionnaire. 

7.3.2.2 Constraints in the evaluation 

The evaluation was constrained by the evaluators' time. To use the prototypes for a real 

life problem requires one to two days per organisations due to the many details available 

within the systems and the many decisions to be taken during the process. The time 

offered by the evaluators was one hour and half for three evaluators and two hours for the 

fourth. To get as much as possible from the evaluators, they were encouraged to use the 
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prototypes in the presence of the author. Although, they did not use the prototypes for a 

real life problem, the evaluators felt that they understood the prototypes and therefore 

provided very useful feedback. 

7.3.2.3 Questionnaire design 

A questionnaire (Appendix A13) was designed so that the CLEVER and IMPaKT 

prototypes were evaluated against the requirements for developing and implementing KM 

strategies for sharing structural design knowledge. The questionnaire was divided into 

four sections. Section A requested information about the participant's professional role 

and industrial experience. Section B consisted of nine questions about the CLEVER 

prototype. This was divided into the following sub-headings: KM Problem and Goals 

Identification; KM Strategy Development; and a General Section. Section C also 

consisted of 9 questions about the IMPaKT prototype. It was divided into: KM Strategy 

Development; KM Strategy Evaluation and a General Section. For each question in 

Sections B and C, participants were asked to tick the box that best reflects their 

assessment on a scale of 1 (poor) to 5 (excellent). The last section requested comments on 

ways to improve the prototypes and allowed for further comments. 

7.3.3 Evaluation Results 

This section summarises feedback from the evaluation participants. It includes responses 

to the questions and comments for further improvement. 

7.3.3.1 Responses to questions 
All participants were generally satisfied with the performance of both prototypes and felt 

that they are relevant to organisations involved in structural design in terms of clarifying 
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the KM problem, identifying goals from implementing KM, developing a strategy for 

implementation and evaluating the strategy. Table 7.1 provides the average ratings of the 

prototypes with respect to the specific questions in the questionnaire. A detailed analysis 

of the various sections of the questionnaire is presented below. 

Table 7.1: Summary of responses to evaluation questions 
Questions 

Average 
Rating 

(Out of 5) 

Equivalent 
% 

The CLEVER Prototype 
KM PROBLEM AND GOALS IDENTIFICATION 
1 How well does the system clarify problems of structural design knowledge? 4.00 80 
2 How relevant to structural design are the knowledge characteristics used in the 

system? 
4.25 85 

3 How well does the system relate structural design knowledge to organisational 
business drivers? 

3.75 75 

4 How well does the system help in identifying the organisational goals for managing 
structural design knowledge? 

3.75 75 

KM STRATEGY DEVELOPMENT 
5 How well does the system help in developing a KM strategy for sharing structural 

design knowledge? 
4.00 80 

6 How well does the system help in identifying the sources of knowledge? 3.50 70 
7 How well does the system help in identifying the users of knowledge? 4.00 80 

GENERAL 
8 How appropriate is the system for structural design departments/divisions? 3.75 75 
9 What is your overall rating of the system? 3.50 70 

The IMPaKT Prototype 
KM STRATEGY DEVELOPMENT 
10 How well does the system help in developing a KM strategy for sharing structural 

design knowled e? 
3.75 75 

11 How well does the system identify the tools required for managing structural design 
knowledge? 

4.00 80 

12 How well does the system help in identifying an action plan for implementation? 4.50 90 
13 How well does the system relate the KM initiatives to strategic objectives and 

erformance measures? 
4.50 90 

KM STRATEGY EVALUATION 
14 How useful do you think the system will be in evaluating a KM strategy before 

implementation? 
4.25 85 

15 How useful do you think the system will be in evaluating a KM initiative after 
implementation? 

3.25 65 

16 How well does the system help in prioritising KM initiatives? 4.00 80 

GENERAL 
17 How appropriate is the system for structural design firms/departments/di visions? 3.75 75 
18 What is your overall rating of the system? 3.75 75 
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THE CLEVER PROTOTYPE 

KM Problem and Goals Identification 

A high average rating of 4.00 (80%) for the first question indicates that the CLEVER 

prototype effectively facilitated the clarification of problems regarding structural design 

knowledge. The individual scores were 4,3,4, and 5. It was also accepted by participants 

that the knowledge characteristics used are relevant to structural design. Participants gave 

scores of 4,5,4, and 4 making an average rating of 4.25 (85%). The third question 

received scores of 4,4,4 and 3 making an average of 3.75 (75%). This shows that the 

participants were satisfied that the prototype properly relates structural design knowledge 

to organisational business drivers. Participants also indicated that the prototype is useful 

in identifying the organisational goals from managing structural design knowledge. The 

scores given were 4,3,4 and 4 with an average of 3.75 (75%). 

KM Strategy Development 

The participants found the prototype extremely helpful for developing a KM strategy for 

sharing structural design knowledge. Individual marks of 4,5,4 and 4 were given to this 

question showing an average of 4.00 (80%). The sixth question about the prototype's 

potential for identifying the sources of knowledge has also received high marks of 4,3,4 

and 3 with an average of 3.50 (70%). However, the participants felt that the system is 

more useful in identifying the intended users of knowledge by giving an average of 4.00 

(80%). All participants responded to this question by scoring it four out of five. 
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General 

In general, CLEVER was received as an appropriate tool for structural design 

departments/divisions at an average level of 75% and an average rating of 3.75. The 

overall rating of the system was 3.5 (70%). 

THE IMPaKT PROTOTYPE 

KM Strategy Development 

The IMPaKT prototype was also recognised as very helpful in developing a KM strategy 

for sharing structural design knowledge. A high average rating of 4.00 (80%) was given 

with individual scores of 4,3,4 and 5. The prototype was also found very useful for 

identifying the KM tools (IT and non-IT) required for managing structural design 

knowledge. Scores of 5,3,4 and 4 were given representing an average rating of 4.00 

(80%). Questions 12 and 13 received the highest scores with an average rating of 4.50 

(90%). This confirms that the prototype was highly successful in developing an action 

plan of the preparations required before implementing KM. The individual scores 

received for this question were 4,5,5 and 4. Also, the system was very useful in relating 

the organisational KM initiatives to the strategic objectives and performance measures. 

This question received individual scores of 4,5,4 and 5. 

KM Strategy Evaluation 

All participants agreed that the IMPaKT prototype was very useful in evaluating a KM 

strategy before implementation by giving an average rating of 4.25 (85%) with individual 

scores of 4,5,4 and 4. However, the participants felt that the prototype is less useful in 
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evaluating a KM strategy after implementing KM by giving an average rating of 3.25 

(65%) with scores of 3,3,4 and 3. This reflects a concern that it may be too late to 

evaluate the KM strategy after it is implemented and that rectifying such a strategy might 

be of high cost. This does not, however, suggest that a KM strategy should not be 

evaluated after implementation. The prototype was also found helpful in prioritising KM 

initiatives. An average rating of 4.00 (80%) and individual scores of 4,5,4 and 3 were 

given. 

General 

In general, IMPaKT was perceived as a potential tool for structural design 

departments/divisions at an average level of 75% and an average rating of 3.75. This is 

consistent with the feedback received on the CLEVER prototype. The overall rating of 

the IKPaKT prototype was 3.75 (75%). 

7.3.3.2 Suggestions for improvement 

Participants described the CLEVER and IMPaKT prototypes as: `overall excellent 

products', `very logical flow', and `potentially very useful'. However, few suggestions 

for improvement were received. The reason for the small number of suggestions is that 

the prototypes and their supporting methodologies have already been refined using 

industrial practitioners as described in Sections 6.3.6 and 6.4.5. The received suggestions 

were: 

0 It is important to provide a list of possible knowledge problems for the first 

question where the user can select the relevant one and refine it; 
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9 Ensure that the questions asked in a stage are used in subsequent stages i. e. 

check for redundant questions or entries; 

" Allow users to navigate easily between the different forms; 

" Provide more explanation on the performance measures and different types of 

knowledge dimensions; and 

0 Integrate both prototypes into one system to benefit from their individual 

strengths. 

Some of these suggestions are being taken on board in the commercial development of 

the CLEVER and IMPaKT prototypes. 

7.4 BENEFITS OF THE PROTOTYPES 

Although there is room for improvement, the prototype systems provided an effective tool 

for developing and implementing KM strategies for any knowledge type and any business 

organisation. This effectiveness can be linked to the high ratings of the questions in the 

questionnaire. The validity of these tools for developing a strategy for managing 

structural design knowledge has also been confirmed. 

Through the evaluation of the systems, several practical benefits were demonstrated. 

These include: 
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" The systems provide a new and innovative tool for developing a strategy for 

managing structural design knowledge and can also be used in other areas; 

" The systems support KM at both strategic and tactical levels unlike other tools 

which focus at the operational level of implementing KM; 

" The systems can be used by any business organisation or a unit within the 

organisation; 

" The systems include much built-in information that can be tailored to address the 

requirements of the organisations using it; 

" The systems help users to clarify a KM problem in a new and guided way that 

encourages more thinking about the problem; 

" The systems support the identification of organisational goals from implementing 

KM in a direct and straightforward way; 

" The systems provide a highly structured approach to developing a KM strategy 

using built-in generic models; 

" The systems provide several details required when developing a KM strategy (e. g. 

action plan, tools required, etc); and 
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" The systems provide a novel tool for evaluating a KM strategy based on the 

effectiveness and efficiency of the KM initiatives; and 

Finally, it is evident that the systems have a potential commercial value. This is being 

explored by Loughborough University. 

7.5 LIMITATIONS OF THE PROTOTYPES 

The comments made by the evaluation participants have highlighted some of the 

limitations of the prototype systems, which include: 

" The user-interface needs further enhancement so that users can easily navigate 

between the system elements; 

" The system cannot be used without external help. However, it should be noted that 

even if more `Help' commands are added to the system, the need for a short period 

of training cannot be eliminated; 

" Neither the CLEVER nor IMPaKT prototypes provide a complete solution if used 

alone; and 

" Using the CLEVER prototype and then moving to IMPaKT could result in input 

duplication unless they are integrated into one system. 
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7.6 DISCUSSION 

7.6.1 Results 

Overall, the evaluation results are very positive. Participants in the evaluation were 

satisfied with the performance and effectiveness of the prototypes. The high ratings 

received from the evaluation questionnaire confirmed that the system is suitable to a wide 

range of organisations although customisation may be required for some business cases. 

The system's performance showed that it is able to fulfil all the requisite functions 

efficiently. Suggestions and comments have been received on various aspects of the 

system and could provide the basis for further work. 

From the results of the evaluation, it is evident that the objectives set out in Section 7.3.1 

have been achieved, as discussed below. 

Achieving objective one 

The first objective was to assess the performance of the prototypes developed. The 

performance of the prototypes was assessed in four construction organisations heavily 

involved in structural design and already implementing KM. The overall ratings of 3.83 

(76.67%) for the CLEVER prototype and 3.97 (79.44%) for the IMPaKT prototype 

reflected the overall satisfactory performance of the prototypes. 

Achieving objective two 

The second objective was to determine the relevance of the prototypes developed to 

construction organisations involved in structural design activities. Both prototypes were 
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given a similar average rating of 3.75 (75%) and this shows that both can be used for 

developing and implementing KM strategies for managing structural design knowledge. 

Achieving objective three 

This objective focuses on assessing the capability of the prototypes to address all KM 

stages identified in the conceptual framework developed in Section 5.3.4. The average 

ratings for these stages show that the prototypes address all of them. The ratings received 

for each stage are: 

" KM problem identification: 4.00 (80%) 

" KM goals identification: 3.75 (75%) 

" KM strategy development: 3.83 (76.67%) for CLEVER and 4.19 (83.75%) for 

IMPaKT 

" KM strategy evaluation: 3.83 (76.67%) 

Achieving objective four 

The fourth objective of the evaluation was to assess the ease with which the prototypes 

could be used. This was assessed by allowing the evaluators to use the prototypes. The 

comments received for improving the system were minor confirming that they were easy 

to use. 
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Achieving objective five 

The last objective of the evaluation was to identify and address any errors or omissions 

made during the development of the prototypes. All known errors and omissions were 

located by the author, during and after the evaluations. Where appropriate, these have 

been addressed. 

7.6.2 Appropriateness of the Evaluation Approach 

The evaluation was considerably successful. This was manifested by the positive responses 

obtained from the evaluators. Although there were limitations, the evaluators were of the 

view that future improvements would further facilitate the use of the prototypes. The 

chosen evaluation approach helped to test all aspects of the system required in the 

evaluation objectives. The reflections from the whole evaluation process include: 

" The questionnaire covered all the major aspects of the system that needed to be 

evaluated and was useful for obtaining the essential feedback from the evaluators; 

" All evaluators were involved in the case-study interviews described in Chapter 5. 

This evaluation allowed them to point out if the system addressed the needs 

identified earlier; and 

" All evaluators had considerable experience in the field of structural design and its 

knowledge requirements and this ensured a relatively accurate assessment of the 

system. 

The only known limitation in the evaluation approach was being unable to evaluate the 

system on a real life case due to evaluators' limited time. 
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7.7 SUMMARY 

This chapter has demonstrated the use of the prototype systems developed, by describing 

the user interface and user interaction with the system. This served to aid understanding 

of the operation of the systems and illustration of their key features. It also described the 

evaluation process using four construction organisations heavily involved in structural 

design. Although the system has some limitations, the evaluation result shows that it 

effectively facilitated the development of a KM strategy for managing the technical and 

highly specialised knowledge area of structural design. Overall, the prototypes were 

highly rated at 78%. 
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CHAPTER 8: CONCLUSIONS AND RECOMMENDATIONS 

8.1 INTRODUCTION 

This chapter concludes the research project, which investigated the potential of 

knowledge management for improving the structural design process. The investigation 

resulted in two prototype systems for the development and implementation of a KM 

strategy. The findings of the research are summarised. Also included is a summary of the 

systems' advantages, conclusions from the research, contribution to knowledge, 

limitations of the work, recommendations for further work and concluding remarks. 

8.2 SUMMARY 

The aim of this research project was to develop a tool for sharing structural design 

knowledge using the concept of knowledge management. The rationale for undertaking 

this research was based on the need to improve the highly complex and knowledge 

intensive process of structural design. It resulted in the creation of a conceptual 

framework for developing and implementing a KM strategy and the development of a 

detailed methodology within the context of the framework supported by two prototype 

systems. Various research methodologies, strategies and tools were adopted to achieve 

the defined objectives of the research. These included: extensive literature reviews; 

discussions and interviews with practitioners in the construction industry; rapid 
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prototyping; case studies; questionnaires; participation at workshops; seminars and 

conferences to interact with other researchers and professional in similar research areas; 

and peer reviews of published work. The specific tasks undertaken in the development of 

the conceptual framework, methodology and prototype systems, with respect to the 

objectives of the research are summarised below. 

Literature review on the structural design process revealed that several problems are faced 

during the different stages of structural design. These are: overlapping process activities; 

complex analysis and design; fragmentation in the process; and the involvement of many 

knowledge-dependent tasks. It was also found that many approaches have been used to 

overcome these problems specifically: techniques for modelling the process; algorithms 

for the analysis and design; approaches for integrating the process; and expert systems for 

capturing knowledge. The only reported research effort with regard to structural design 

knowledge was the use of expert systems. These Artificial Intelligence (Al) tools 

attempted to codify the abstract reasoning processes of experts into `if-then' rules to 

support decision-making. They, however, were not successful due to several reasons, 

mainly: focusing on codification of the tacit knowledge of experts and ignoring, in many 

cases, the explicit knowledge available in documents, drawings, multimedia tools etc; and 

disregarding the interactions between tacit and explicit knowledge. Furthermore, 

codifying the tacit knowledge of experts resulted in losing the richness and context of 

knowledge in addition to the fact that codified knowledge gets outdated very quickly. 

Consequently, expert systems failed to address the complex nature of knowledge and 

were therefore not suitable for structural design knowledge. 
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Knowledge Management (KM) is a relatively new concept receiving increased attention. 

It considers knowledge as a valuable asset needing to be managed and that shared 

knowledge increases therefore expanding an organisation's memory. KM helps in 

reducing duplication and mistakes, increasing innovation, improving business 

performance and adding competitiveness. Two knowledge types are distinguished, 

namely tacit and explicit where knowledge can be converted from one type to another. 

KM also recognises the complex nature of knowledge and identifies the richness and 

context associated it. KM is not a solely IT-based solution nor is it a solely human-based 

solution. It requires the consideration of a combination of issues including IT, people, and 

organisational culture. This combination makes KM difficult to implement but at the 

same time more beneficial in practice. It is evident that KM can play an important role in 

improving the way knowledge is created, captured, shared and used within and across 

organisations. It therefore overcomes some of the shortcomings of expert systems. The 

many benefits of KM resulted in many leading construction organisations adopting its 

strategies to improve their business. However, literature shows that the potential of KM 

for highly specialised knowledge such as that in structural design has yet to be explored. 

To investigate the potential of KM for sharing structural design knowledge, five case 

organisations, extensively involved in structural design, were studied. Some of them had 

a KM strategy in place while others did not. The case studies carried out confirmed the 

existence of several problems that involve obtaining new knowledge during structural 

design. Both tacit and explicit knowledge were required although three quarters of the 

knowledge involved during concept design was considered tacit and three quarters of that 

involved during detailed design was considered explicit. Organisations obtained the 
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required knowledge mostly via informal ways although those adopting KM used a 

mixture of informal and formal methods. It was evident that KM has the potential to 

support the way knowledge is used and that KM can provide several benefits to structural 

designers such as accelerating concept and tender design, reducing the number of design 

cycles, developing easy design routines etc. However, all organisations believed that they 

still needed to improve the way this knowledge is managed. 

The case studies also uncovered the need for a comprehensive framework that supports 

the development and implementation of KM strategies. Four stages were found necessary 

for a robust conceptual framework: identifying the knowledge to be managed; identifying 

goals for managing it; developing a strategy; and evaluating the strategy. On the other 

hand, such a framework needed a detailed methodology developed within its context. 

Investigation and analysis of existing methodologies showed that no methodology 

addresses all stages of the developed framework although a few of them address some 

stages or elements within a stage. This resulted in the adoption of an existing 

methodology (CLEVER) and development of a new methodology (IMPaKT). Together, 

they address all stages of the conceptual framework developed. 

CLEVER and IMPaKT were encapsulated into two prototype systems using Microsoft 

Visual Basic. Development of the prototypes was influenced by the principles of software 

development, particularly rapid prototyping. This automation facilitated the use of the 

methodologies, and enhanced their functionality. Following their development, the 

prototypes were presented and used in several workshops involving eight organisations. 

This resulted in more refinement to the methodologies and the associated prototypes. An 
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evaluation by four construction organisations extensively involved in structural design 

and already implementing KM was then undertaken. The evaluation confirmed that, in 

spite of the improvement required to make the prototypes fully operational, they do 

proffer many benefits in developing and implementing a KM strategy for sharing 

structural design knowledge. 

8.3 BENEFITS OF THE PROTOTYPS 

The benefits that the prototype systems offer to individuals, departments or organisations 

involved in structural design can be summarised as follows. They: 

" provide a new and innovative tool for developing and implementing a KM 

strategy; 

" support KM at both strategic and tactical levels unlike other tools which focus on 

the operational level; 

0 can be used by any business organisation or a unit within the organisation; 

0 include much built-in information that can be tailored to address the requirements 

of the organisations using it; 

0 help users to clarify a KM problem in a new and guided way that encourages more 

thinking about the problem; 
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0 support the identification of organisational goals from implementing KM in a 

direct and straightforward way; 

0 provide a highly structured approach to developing a KM strategy using built-in 

generic models; 

0 provide several details required when developing a KM strategy (e. g. action plan, 

tools required, etc); and 

0 provide a novel tool for evaluating a KM strategy based on the effectiveness and 

efficiency of the KM initiatives. 

Finally, it is evident that the systems have a potential commercial value. This is being 

explored by Loughborough University. 

8.4 CONCLUSIONS 

The following conclusions could be drawn from the research: 

1. The process of structural design is associated with many problems such as 

overlapping process activities, complex analysis and design, fragmentation and 

the existence of many knowledge intensive tasks that require a coherent 

approach for managing existing and new knowledge. 
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2. Current approaches for improving the structural design process are suitable for 

dealing with some of the problems identified. However, they do not adequately 

address the problems of managing the tacit and explicit knowledge associated 

with the structural design process because of the following: 

" they do not address all elements of KM that are essential for design process 

improvement; 

" there is a lack of KM framework for structural design processes; and 

" there is a lack of a detailed methodology for the implementation of KM. 

3. KM has the potential to solve problems in highly specialised domains such as 

structural design. Some of the benefits that KM provides to structural design are: 

" reduced number of design cycles; 

" reduced design time; 

" developing easy design routines; and 

" making past design reviews and standard ways of analysing particular 

situations easily accessible. 
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4. The conceptual framework for developing and implementing a KM strategy and 

the associated prototypes (CLEVER and IMPaKT) provide a detailed 

methodology and a unique and innovative approach for developing a strategy for 

managing structural design knowledge and addressing the problems identified. 

5. The developed prototypes have the potential to provide better, more effective 

and efficient implementation of KM in structural design in particular and within 

the construction industry in general. 

8.5 CONTRIBUTION TO KNOWLEDGE 

Knowledge is crucial for structural design, yet existing methodologies for managing it are 

neither comprehensive nor do they adequately address the requirements of designers. 

Knowledge management remains largely unexplored although it is a valuable concept. 

For a knowledge management strategy to be effective, it must address all the stages 

required for such strategy. A framework was therefore introduced as an alternative to 

existing ones, which do not address all stages. A methodology developed within the 

context of this framework was important. Refinement of the CLEVER methodology and 

development of the IMPaKT methodology served this need. In contrast to existing 

methodologies, CLEVER and IMPaKT provide an integrated methodology that addresses 

the four critical stages required for a successful KM strategy. The methodologies were 

encapsulated into prototype systems. 
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Investigation into the potential of knowledge management for sharing structural design 

knowledge is original. A more significant contribution is the conceptual framework for 

developing and implementing a KM strategy, which is more appropriate than existing 

frameworks because it was developed based on the experience of organisations which are 

heavily involved in structural design and are at different levels of implementing KM. 

Also, there is originality in the refinement of CLEVER and the development of IMPaKT. 

Another contribution is the practical value of the prototypes for clarifying the knowledge 

of interest, identifying the goals from implementing KM, developing a detailed strategy 

and evaluating the strategy. Better strategies can therefore be formulated to facilitate the 

implementation of KM in any business sector and certainly for construction organisations 

involved in structural design. The prototype systems also provide an IT tool that supports 

knowledge management at the strategic and tactical level, unlike other existing IT tools 

which support it at the operational and implementation level. 

8.6 LIMITATIONS OF THE STUDY 

A research project by its nature has some limitations and is bound to uncover issues that 

need to be investigated further. This PhD research project is no exception, as a number of 

issues have been identified to improve the methodology developed. In analysing the 

evaluation results, it was apparent that while the methodologies and their associated 

prototype systems represent a feasible proposition and are also robust, they were 

incomplete. The main limitations are discussed below. 
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1. The prototypes cannot be used without guidance. This is due to the following 

reasons: 

" the many tasks involved in the prototypes; 

" the user-interfaces need further refinement (e. g. rejecting improper data, error 

messages for invalid inputs, etc). 

2. Although, consistency of the comments received from the participants in the 

refinement and evaluation of the prototypes indicate that the findings can be 

generalised, it is not possible make such a statement at this stage because the 

methodologies and their supporting prototypes were: 

0 Refined and evaluated only with few organisations; and 

0 were not tested on real life problems. 

8.7 RECOMMENDATIONS 

Several issues have been identified from the findings of this research in order to improve 

the management of structural design knowledge. Recommendations to the industry 

include the following: 
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" The many scenarios that require obtaining new knowledge during structural design 

necessitate the implementation of strategies that assist in locating and using this 

knowledge; 

" Knowledge management is valid for the highly technical knowledge of structural 

design and therefore it should be seriously considered; 

" Knowledge management needs to be carefully planned and properly implemented 

in order to achieve the organisation's KM goals; 

9 It is important to follow a structured approach for developing a KM strategy to 

avoid implementing unnecessary strategies and/or missing important ones; and 

" The CLEVER and IMPaKT prototypes provide many benefits to construction 

organisations and it is recommended that they consider adopting these. 

8.8 FURTHER RESEARCH 

The research project has revealed a number of areas for further research and development 

including the following areas: 
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1. Further improvements to the systems with respect to: 

9 adding more intelligence to the problem definition template in the 

CLEVER prototype so that the system does not only help in refining a KM 

problem but also carries out some analysis; 

0 creating more links between the items identified in the problem definition 

template and the other stages; 

0 enhancing user-friendly functions to smooth system implementation 

difficulties (e. g. examine and reject improper data, generate a warning 

message when the system has insufficient or illogical inputs etc); and 

0 improvement of the user interface through better screen layouts and better 

user guidance. 

2. Further testing using a wider range of real cases is considered necessary as the 

feedback from these can further demonstrate the system's applicability to 

different scenarios. 

3. Investigation into the requirements for integrating CLEVER and IMPaKT 

prototypes. This includes: 
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0 identifying how the individual elements within the prototypes would be 

linked; 

0 removing any duplications or overlaps between the prototypes' elements; 

and 

0 ensuring consistency within the integrated system including the 

terminologies used and activities involved. 

4. The actual integration of the CLEVER and IMPaKT prototypes into one 

prototype system to ensure synergy from their individual strengths. 

5. Extend the research on KM Tools (IT and non-IT) to update the list developed 

and to assess these tools by organisations already using them. This can be done 

through an industrial survey covering a wide range of organisations. 

6. Investigate the potential of KM for other aspects of the construction process and 

not just structural design. This may be done through a wider scale of case studies 

covering the different sectors within the construction industry. 
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8.9 CONCLUDING REMARKS 

The process of structural design is important for safe and stable structures. This process is 

associated with several problems where current approaches are suitable for dealing with 

some of these problems. Current approaches do not adequately address the problems of 

structural design knowledge and although the construction-sector organisations recognise 

the importance of managing this knowledge, many are uncertain about the best way of 

doing it. This thesis has demonstrated the potential of knowledge management for 

facilitating the management of structural design knowledge. A conceptual framework for 

developing and implementing a KM strategy was introduced, with structured 

methodologies for implementation. The methodologies were encapsulated into prototype 

systems, which represent a substantial advance over existing approaches. Construction 

organisations will achieve much improved performance and market leadership should 

they adopt the methodologies developed and their associated prototypes. 
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Appendix A2: Template for Semi-Structured Interviews for Case Studies 

1. Context 
What is the size of the firm in terms of number of employees, number and locations of offices, 
annual turnover? 

What is the number of structural engineers and where are they located? 

How many of structural engineering groups do you have and where are they located? 

What is your organisation's strategy in terms of the nature of design work that you get involved 
in (e. g. standard, complex, innovative projects)? 

2. Structural Design 
What role do structural engineers play within the design process in the organisation? 

How do you approach structural design problems (e. g. using previous designs, first principles, 
consult colleagues or seniors, etc)? 

Is the approach/consultation process (identified in the previous question) formal or informal? 

To what extent do you rely on tacit knowledge i. e. experience of individuals? 

To what extent do you rely on codified knowledge (e. g. design codes of practice, specifications, 
previous designs and drawings, databases, etc. )? 

What is the balance between relying on tacit and codified knowledge? 

3. Knowledge Management 
Are you aware of a Knowledge Management strategy within your organisation? 

What is the role of KM in supporting the design process within the organisation, especially 
structural design? 

What specific methods do you use for knowledge sharing within the structural design process 
(brainstorming, dialogue, group meetings, communities of practice, experts database)? 

What is your plan for improving the knowledge sharing process for structural design? 

4. Role of IT 
Is there a role for IT in the KM process? 

How does IT support your KM process? 

What IT systems/software tools do you use for supporting the KM process? 

To what extent do structural engineers use these tools? 
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Appendix A3: Visual Basic Program Code 

Notes: 
" This Appendix shows only examples of the codes used for the major decisions made by the system 
" Simple codes are not shown e. g. codes for loading, unloading, showing, hiding forms, copying text, selecting menu items etc 

The CLEVER Prototype 

Starting the Program 

Private Sub Form_Load() 
Dim Prompt, Password 
Prompt = "Please enter password! " 
Password = InputBox(Prompt) 

If Password = "cleverpassword" Then 
MsgBox ("Welcome to CLEVER KM Advisor") 
Form367. Show 'Start of program 
Form372. Show 'help/general background screen 

Else 
MsgBox ("Sorry, you are not authorised") 
End 

End If 
End Sub 

Defining KM Problem 

Sending input text to report form 
Private Sub Text2_ChangeO 
Form368. Text2. Text = Form358. Text2. Text 
End Sub 

Sending checked box to report form 
Private Sub Checkl Click() 
Form368. Checkl. Value = Form358. Checkl. Value 
End Sub 

Sending selected radio button to report form 
Private Sub Optionl Click( 
Form369. Optionl. Value = Form359. Optionl. Value 
End Sub 

Identifying a resistor 
Private Sub Command74_Click() 
Text4O. Text 
End Sub 

' Identifying an enabler 
Private Sub Command75_Click() 
Text4O. Text = "E" 
End Sub 

' Non-applicable enabler/resistor 
Private Sub Conunand76 Click() 
Text40. Text = "N/A" 
End Sub 
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' /dentijying Organisational Goals 

Generating statements about the goals 
'Dimension 1- codes for other 7dimensionm are similar but texts between "" will change. 

If Slider!. Value > Slider2. Value Then 
Textl. Text = "Transfer more tacit knowledge to explicit knowledge to aid decision making efficiency. " 
Form l7. Label19. Caption = "Transfer more tacit knowledge to explicit knowledge to aid decision making efficiency. " 
Form2. Labell9. Caption = "Transfer more tacit knowledge to explicit knowledge to aid decision making efficiency. " 
Form I 4. Label I 9. Caption = "Transfer more tacit knowledge to explicit knowledge to aid decision making efficiency. " 
Forml5. Label19. Caption = "Transfer more tacit knowledge to explicit knowledge to aid decision making efficiency. " 
Form! 1. Labell9. Caption = "Transfer more tacit knowledge to explicit knowledge to aid decision making efficiency. " 
Form 1 2. Label I 9. Caption = "Transfer more tacit knowledge to explicit knowledge to aid decision making efficiency. " 
Form I3. Labell9. Caption = "Transfer more tacit knowledge to explicit knowledge to aid decision making efficiency. " 
Forml6. Labe119. Caption = "Transfer more tacit knowledge to explicit knowledge to aid decision making efficiency. " 
Textl. Visible = True 
Command2. Visible = True 

ElseIf Slider2. Value > Sliderl. Value Then 
Textl. Text = "Transfer more explicit knowledge to tacit to aid human based Decision Making efficiency. " 
Form I 7. Label 19. Caption = "Transfer more explicit knowledge to tacit to aid human based Decision Making efficiency. " 
Form2. Labe119. Caption = "Transfer more explicit knowledge to tacit to aid human based Decision Making efficiency. " 
Form 1 4. Label I 9. Caption = "Transfer more explicit knowledge to tacit to aid human based Decision Making efficiency. " 
Form l5. Label19. Caption = "Transfer more explicit knowledge to tacit to aid human based Decision Making efficiency. " 
Form! 1. Labell9. Caption = "Transfer more explicit knowledge to tacit to aid human based Decision Making efficiency. " 
Forml2. Label19. Caption = "Transfer more explicit knowledge to tacit to aid human based Decision Making efficiency. " 
Form I3. Labell9. Caption = "Transfer more explicit knowledge to tacit to aid human based Decision Making efficiency. " 
Form I 6. Label I 9. Caption = "Transfer more explicit knowledge to tacit to aid human based Decision Making efficiency. " 
Textl. Visible = True 
Command2. Visible = True 

Else: Textl. Text = "N/A" 
Text!. Visible = True 
Command2. Visible = False 

End If 

'Setting priorities of goals 
'Dimension 1- codes for other 7 dimensions are similar 

If Slider1. Value - Slider2. Value =4 Or Slider2. Value - Sliderl. Value =4 Then 

Text2. Text = "1" 
Text2. Visible = True 
Command2. Visible = True 

Elself Sliderl. Value - Slider2. Value =3 Or Slider2. Value - Sliderl. Value =3 Then 

Text2. Text = "2" 
Text2. Visible = True 
Command2. Visible = True 

Elself Sliderl. Value - Slider2. Value =2 Or Slider2. Value - Sliderl. Value =2 Then 

Text2. Text = "3" 
Text2. Visible = True 
Command2. Visible = True 

Elself Sliderl. Value - Slider2. Value =1 Or Slider2. Value - Sliderl. Value =1 Then 

Text2. Text = "4" 
Text2. Visible = True 
Command2. Visible = True 

Else: Text2. Text = "" 
Text2. Visible = False 
Command2. Visible = False 

End If 
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' ldenti ing Knowledge Migration Paths 

Template 1 of 7 for first knowledge dimension (codes for the other 55 templates are not shown in the appendix due to space) 

Private Sub Commandl Click() 
If Optionl. Value = True Then 

Form 17. Label2. Caption = "From explicit critical to tacit critical. " 
Elself Option I O. Value = True Then 

Form I 7. Label2. Caption = "From tacit critical to explicit auxiliary. " 
Elself Option 11 . Value =True Then 

Form I 7. Label2. Caption = "From explicit critical to tacit auxiliary. " 
E1self Option12. Value =True Then 

Form I 7. Label2. Caption = "From tacit auxiliary to explicit critical. " 
Elself Option2. Value = True Then 

Form 17. Label2. Caption = "From tacit critical to explicit critical. " 
Elself Option3. Value = True Then 

Form 17. Label2. Caption = "From explicit critical to explicit auxiliary. " 
ElseIf Option4. Value = True Then 

Forml7. Label2. Caption = "From explicit auxiliary to explicit critical. " 
ElseIf Option5. Value = True Then 

Forml7. Label2. Caption = "from tacit auxiliart to explicit auxiliary. " 
ElseIf Option6. Value = True Then 

Forml7. Label2. Caption = "From explicit auxiliary to tacit auxiliary. " 
ElseIf Option7. Value = True Then 

Form I 7. Label2. Caption = "From tacit critical to tacit auxiliary. " 
Elself Option8. Value = True Then 

Form I 7. Label2. Caption = "From tacit auxiliary to tacit critical. " 
ElseIf Option9. Value = True Then 

Form I 7. Label2. Caption = "From explicit auxiliary to tacit critical. " 
End If 

End Sub 

' Hour ping KM strategy 

I Entering an element of a KM Strategy to a generic model 
Label8. BackColor = &HCOEOFF 'Changing the colour of the box 
Form103. Show 'Showing the input box 
Form103. Labe1I = "Identify personnel and 'owners"' 'Asking user to develop a strategy for addressing the mentioned 
End Sub 

' Sending the developed strategy element to report form 
Private Sub Command l Click() 
Form101. Labe113. Caption = Textl 
Form103. Hide 
End Sub 
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The IMPaKT Prototype 

'Business Improvement Strategy 

'Adding values to Performance Measure combos 

Private Sub Form_Load() 
Dim Score, I 

For I= 1 To 100 'Count from 1 to 100. 
Score =I 'Create Score. 

Combol. AddItem Score 'Add the Score. 
Next I 

End Sub 

' Calculating Performance Gap 
Private Sub Command7_C1ick() 
Text 15. Visible = True 
TextlS. Text = 

' calculating quantitative gap 
if Option1. Value = True And Combo3. ListIndex >= Combo2. ListIndex Then Text I5. Text = Combo3. Listlndex - Combo2. Listlndex 
If Option 1. Value = True And Combo3. ListIndex < Combo2. Listlndex Then 

Textl5. Text = "" 
ButtonClicked = MsgBox(Message, vbOKOnly, "Target Score should be higher than Current Score") 

End If 

'calculating qualitative gap 
A= Combo7. Listlndex - Combo6. Listlndex 
If Option2. Value = True And A=4 Then Textl5. Text = "Large Gap" 
If Option2. Value = True And A=3 Then Textl5. Text = "Moderate-to-Large Gap" 
If Option2. Value = True And A=2 Then TextlS. Text = "Small-to-Moderate Gap" 
If Option2. Value = True And A =1 Then Textl5. Text = "Small Gap" 
If Option2. Value = True And A=0 Then TextlS. Text = "No Gap" 

If Option2. Value = True And A= -1 Or A= -2 Or A= -3 Or A= -4 Then 
Text15. Text = "" 
ButtonClicked = MsgBox(Message, vbOKOnly, "Target Score should be higher than Current Score") 

End If 
End Sub 

'KM Strategic Plan 

'Identifying KM processes identified in a business problem 

Private Sub Command l Click() 
I= "Your problem is a KM problem that mostly relates to the following sub-process(es) of KM: " 
LC = "Locating Knowledge" 
CP = "Capturing Knowledge" 
SI! = "Sharing Knowledge" 
MD = "Modifying Knowledge" 
CR = "Creating Knowledge " 

A= Checkl. Value + Check2. Value + Check3. Value + Check4. Value + Check5. Value 
B= Check6. Value + Check7. Value + Check8. Value + Check9. Value + ChecklO. Value 
C= CheckI 1. Value + Checkl2. Value + Checkl3. Value + Checkl4. Value + Checkl5. Value 
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D= Checkl6. Value + Checkl7. Value + Checkl8. Value + Checkl9. Value + Check2O. Value 
E= Check2l. Value + Check22. Value + Check23. Value + Check24. Value + Check25. Value 

# no tick box checked = No KM Problem 
If A+B+C+D+E=0 Then Form3. Textl. Text = "Your problem is NOT a KM problem. " 

'Tick boxes checked for one sub-process only 
IfA>= 1 And B =0 AndC=0AndD=O AndE=O Then Form3. Textl. Text=I& vbCrLf &LC 
If B >= 1 And A=0 And C=0 And D=0 And E=O Then Form3. Textl. Text =I& vbCrLf & CP 
If C >= 1 And A=0 And B=0 And D=0 And E=0 Then Form3. Textl. Text =I& vbCrLf & SH 
If D >=1 And A=0 And B=0 And C=0 And E=0 Then Form3. Textl. Text =I& vbCrLf & MD 
If E >= 1 And A=0 And B=0 And C=0 And D=0 Then Form3. Textl. Text =I& vbCrLf & CR 

'Tick boxes checked for the first sub-process (Locating) PLUS any subsequent sub-process 
If A >= 1 And B >=1 And C=0 And D=0 And E=0 Then Form3. Textl. Text =I& vbCrLf & LC & vbCrLf & CP 
If A >= 1 And C >= 1 And B=0 And D=0 And E=0 Then Form3. Textl. Text =I& vbCrLf & LC & vbCrLf & SI I 
If A >=1 And D >=1 And B=0 And C=0 And E=0 Then Form3. Textl. Text =I& vbCrLf & LC & vbCrLf & MD 
If A >= 1 And E >=1 And B=0 And C=0 And D=0 Then Form3. Text 1. Text =I& vbCrLf & LC & vbCrLf & CR 

'Tick boxes checked for the first PLUS second PLUS any subsequent sub-process 
If A >=1 And B >= I And C >=1 And D=0 And E=0 Then Form3. Text 1. Text =I& vbCrLf & LC & vbCrLf & CP & 
vbCrLf & SH 
If A >= 1 And B >=1 And D >=1 And C=0 And E=0 Then Form3. Textl. Text =I& vbCrLf & LC & vbCrLf & CP & 
vbCrLf & MD 
If A >= 1 And B >= I And E >= 1 And C=0 And D=0 Then Form3. Text 1. Text =I& vbCrLf & LC & vbCrLf & CP & 
vbCrLf & CR 

" Tick boxes checked for the first PLUS third PLUS any subsequent sub-process 
If A >= 1 And C >=1 And D >=1 And B=0 And E=0 Then Form3. Textl. Text =I& vbCrLf & LC & vbCrLf & SI I& 
vbCrLf & MD 
If A >= 1 And C >= 1 And E >=1 And B=0 And D=0 Then Fornt3. Textl. Text =I& vbCrLf & LC & vbCrLf & SI I& 
vbCrLf & CR 

Mick boxes checked for the first PLUS fourth PLUS fifth sub-process 
If A >=1 And D >=1 And E >=1 And B=0 And C=0 Then Fonn3. Textl. Text =I& vbCrLf & LC & vbCrLf & MD & 
vbCrLf & CR 

' Tick boxes checked for the first PLUS second PLUS third PLUS fourth OR fifth sub-process 
If A >= 1 And B >=1 And C >=1 And D >=1 And E=0 Then Form3. Textl. Text =I& vbCrLf & LC & vbCrLf & CP & 
vbCrLf & SH & vbCrLf & MD 
If A >= I And B >=1 And C >=1 And E >=1 And D=0 Then Form3. Textl. Text =I& vbCrLf & LC & vbCrLf & CP & 
vbCrLf & SH & vbCrLf & CR 

' Tick boxes checked for the first PLUS second PLUS fourth PLUS fifth sub-process 
If A >=1 And B >= I And D >=1 And E >=1 And C=0 Then Form3. Text I. Text =I& vbCrLf & LC & vbCrLf & CP & 

vbCrLf & MD & vbCrLf & CR 

' AlI Tick boxes checked 
If A >=1 And B >=1 And C >=1 And D >= I And E >= I Then Fonm3. Text 1. Text =I& vbCrLf & LC & vbCrLf & CP & 
vbCrLf & SH & vbCrLf & MI) & vbCrLf & CR 

2 
' Tick boxes checked for the second sub-process (Capturing) PLUS any subsequent sub-process 
If B >= 1 And C >=1 And A=0 And D=0 And E=0 Then Fonm3. Text1. Text =I& vbCrLf & CP & vbCrLf & SI I 
If B >= I And D >=1 And A=0 And C=0 And E=0 Then Form3. Textl. Text =I& vbCrLf & CP & vbCrLf & MD 
If B >=1 And E >= I And A=0 And C=0 And D=0 Then Form3. Textl. Text =I& vbCrLf & CP & vbCrLf & CR 
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'Tick boxes checked for the second sub-process (Capturing) PLUS third PLUS any subsequent sub-process If B >= 1 And C >= 1 And D >= 1 And A=0 And E=0 Then Form3. Textl. Text =I& vbCrLf & CP & vbCrLf & S1I & 
vbCrLf & MD 
If B >= 1 And C >=1 And E >=1 And A=0 And D=0 Then Form3. Textl. Text =I& vbCrLf & CP & vbCrLf & SH & 
vbCrLf & CR 

'Tick boxes checked for the second sub-process (Capturing) PLUS third PLUS forth PLUS fifth 
If B >= 1 And C >=1 And D >=1 And E >=1 And A=0 Then Form3. Textl. Text =I& vbCrLf & CP & vbCrLf & SIi & 
vbCrLf & MD & vbCrLf & CR 

Mick boxes checked for the second sub-process (Capturing) PLUS fourth PLUS fifth PLUS fifth 
If B >= 1 And D >= 1 And E >=1 And A=0 And C=0 Then Form3. Text 1. Text =I& vbCrLf & CP & vbCrLf & MD & 
vbCrLf & CR 

' Tick boxes checked for the third sub-process (Sharing) PLUS any subsequent sub-process 
If C >= 1 And D >=1 And A=0 And B=0 And E=0 Then Form3. Textl. Text =I& vbCrLf & SH & vbCrLf & MD 
If C r-1 And E >= 1 And A=0 And B=0 And D=0 Then Form3. Textl. Text =I& vbCrLf & SIi & vbCrLf & CR 

'Tick boxes checked for the third sub-process (Sharing) PLUS fourth PLUS fifth 
If C >= 1 And D >=1 And E >= 1 And A=0 And B=0 Then Form3. Textl. Text =I& vbCrLf & SH & vbCrLf & MD & 
vbCrLf & CR 

'Tick boxes checked for the fourth sub-process (Modifying) PLUS fifth sub-process 
If D >= 1 And E >= 1 And A=0 And B=0 And C=0 Then Fonm3. Textl. Text =I& vbCrLf & MD & vbCrLf & CR 
End Sub 

'Identifying Action Plan required 

Private Sub Commandl Click() 
' Calculating scores for 'reform needed', 'resources required', 'results monitoring mechanisms' respectively 
A= (Sliderl. Value + Slider2. Value + Slider3. Value + Slider4. Value + Slider5. Value) 
AA = Round(A / 20 * 100,0) '20 because reform needed consists of 5 questions each having a value up to 4 
B= (Slider6. Value + Slider7. Value + Slider8. Value + Slider9. Value + Sliderl0. Value) 
BB = Round(B / 20 * 100,0) 
C= (Sliderl 1. Value + Sliderl2. Value + Sliderl3. Value + Sliderl4. Value + SliderlS. Value) 
CC = Round(C / 20 * 100,0) 

' Stating actions to be taken 
If Sliderl. Value <3 Then E= "To recognise the importance of sharing knowledge. " & vbCrLf 
If Slider2. Value <3 Then F= "To motivate people to share knowledge. " & vbCrLf 
If Slider3. Value <3 Then G= "To identify organisational and cultural barriers" & vbCrLf 
If Slider4. Value <3 Then H= "To establish a KM strategy. " & vbCrLf 
If Slider5. Value <3 Then I= "To develop a KM reward/incentive/change management programme. " 
Form3. Textl3. Text=E&F&G&H&I 

If Slider6. Value <3 Then J= "To adopt a leadership for KM. " & vbCrLf 
If Slider7. Value <3 Then K= "To appoint a KM core and support team. " & vbCrLf 
If Slider8. Value <3 Then L= "To establish a human interactive infrastructure for KM. " & vbCrLf 
If Slider9. Value <3 Then M= "To have an IT support infrastructure. " & vbCrLf 
If SliderlO. Value <3 Then N= "To allocate budget for implementing KM. " & vbCrLf 
Form3. Textl4. Text =J&K&L&M&N 

If Sliderll. Value <3 Then 0= "To use a business performance measurement and improvement tool. " & vbCrLf 
If Slider12. Value <3 Then P= "To link the KM initiatives to the performance measures. " & vbCrLf 

253 



If Sliderl3. Value <3 Then Q= "To identify the cost components of the KM initiatives. " & vbCrLf If Sliderl4. Value <3 Then R= "To identify the expected benefits from the KM initiatives. " & vbCrLf If SliderlS. Value <3 Then S= "To adopt a monitoring process for reviewing the impact of KM and providing feedback. " & 
vbCrLf 
Form3. TextlS. Text =0&P&Q&R&S 

'Colours representing the status for reform needed 
If AA>=OAndAA<= 16 Then 

Form3. Label14. BackColor = &HFF& 
Elself AA >= 17 And AA <= 40 Then 

Form3. Label l4. BackColor = &H808OFF 
E1seIf AA >= 41 And AA <= 60 Then 

Form3. Label14. BackColor = &H8000FF 
Eiself AA >= 61 And AA <= 85 Then 

Form3. Label14. BackColor = &H80FF80 
Elself AA >= 86 And AA <= 100 Then 

Form3. Label14. BackColor = &H0000& 
End If 

'Colours representing the status for resources required 
If BB>=0 And BB <= 16 Then 

Form3. Labell5. BackColor = &HFF& 
Elself BB >= 17 And BB <= 40 Then 

Form3. Label 15. BackColor = &H808OFF 
E1seifBB>=41 And BB <= 60 Then 

Form3. Label15. BackColor = &H8000FF 
Elself BB >= 61 And BB <= 85 Then 

Form3. Label15. BackColor = &H80FF80 
Elself BB >= 86 And BB <=100 Then 

Forrn3. Label15. BackColor = &H0000& 
End If 

'Colours representing the status for results monitoring mechanisms 
If CC>=0 And CC <= 16 Then 

Form3. Label16. BackColor = &HFF& 
Elself CC >=17 And CC <= 40 Then 

Form3. Label16. BackColor = &H808OFF 
Elself CC >= 41 And CC <= 60 Then 

Form3. Label 16. BackColor = &H8000FF 
Eiself CC >= 61 And CC <= 85 Then 

Form3. Label16. BackColor = &H80FF80 
Dself CC >= 86 And CC <=100 Then 

Form3. Label16. BackColor = &H0000& 
End If 
End Sub 

'Colour and statement for the overall status 
D= (Sliderl. Value + Slider2. Value + Slider3. Value + Slider4. Value + Slider5. Value + Slider6. Value + Slidcr7. Value + 
Slider8. Value + Slider9. Value + SliderlO. Value + Sliderl1. Value + Sliderl2. Value + Sliderl3. Value + Slider14. Value + 
Sliderl5. Value) 
DD = Round(D / 60 * 100,0) 
Torm3. Textl 1. Text = DD & "%" 

If DD>=0 And DD <= 16 Then 
Form3. Textl2. Text = "The organisation is NOT READY AT ALL for implementing knowledge management. " 
Form3. I. abel12. BackColor = &HFF& 'red colour 

Elself DD >= 17 And DD <= 40 Then 
Form3. Textl2. Text = "The organisation is NOT READY for implementing knowledge management. Some actions have 

been taken but more is required. " 
Form3. Labe112. BackColor = &H808OFF 'pink colour 
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Elself DD >= 41 And DD <= 60 Then 
Form3. Textl2. Text = "The organisation is ALMOST MIDWAY in its readiness for implementing knowledge 

management. More actions need to be taken before implementing knowledge management. " 
Form3. Labe112. BackColor = &H8000FF 'orange colour 

ElseIf DD >= 61 And DD <= 85 Then 
Form3. Textl2. Text = "The organisation is NEARLY READY for implementing knowledge management. Few actions 

need to be taken before implementing knowledge management. " 
Form3. Label12. BackColor = &H80FF80 'light green colour 

E1seIf DD >= 86 And DD <= 100 Then 
Form3. Textl2. Text = "The organisation is READY for immediate implementation of knowledge management. " 
Form3. Labe112. BackColor = &H0000& 'green colour 

End If 

' Selecting KM Tools - Sample of one combination out of 64 combinations for technologies and 64 for techniques. Code in 
the program does not follow the same order here as it is extracted from several Private Sub Commands. 

Combination 1: Tacit to Tacit, Individual to Individual, Internal to Internal (keep knowledge within the organisation) 

' Identifying the relevant technology categories for a specific combination 
If Sliderl. Value =1 And Slider2. Value =1 And Slider3. Value =1 And Slider4. Value =1 And Slider5. Value =1 And 
Slider6. Value =I Then 

Listl. Addltem "Experts Directories/Skills Yellow Pages" 
List4. Addltem "Integrated Groupware Systems" 
List4. Addltem "Multi-media Tools" 

End If 

'Description of first technology category 
If List! Text = "Experts Directories/Skills Yellow Pages" Then 

Text6. Text = "Also called People Finder, Skills' Yellow Pages, Pointers to expertise, Expert Groups Directory. An Experts 
Directory contains a list of the individuals within the organisation, their expertise, and contact information. 
This provides links to the persons who have the knowledge in a particular area in order to facilitate knowledge 
flow. They are simply a web-searchable electronic version of skills lists, albeit with a lot more context added 
to them by past users. These are usually custom built bespoke systems or research prototypes. " 

List6. Addltem "AskMe" ' Software Applications that support the identified Technology Category 
List6. Addltem "Sigma Connect" 
List6. Addltem "IntellectExchange" 
List6. Addltem "Expertise Infrastructure" 

End If 

- Description of first software application 
If List6. Text = "AskMe" Then 

Textil . Text = "AskMe, by AskMe Enterprise, is aimed at creating and managing employee knowledge networks. It 
provides: person-to-person knowledge sharing platform and supports identifying 'who knows what'. 
More info at http: //www. askme. com" 

End If 

M Evaluation Strategy 

Dragging and dropping KM Initiatives to prioritise them 
Private Sub LabelI I DragDrop(Source As Control, X As Single, Y As Single) 

If TypeOf Source Is Label Then 
Label I I. Caption = Source. Caption 

End If 
End Sub 

'Clearing a label from dragged item 
Private Sub Label 11_DbIClickO 
Label l 1. Caption 
End Sub 
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Appendix A4: Questionnaire for Refining the CLEVER Methodology and Prototype 

A Prototype System for Knowledge Management: 

The completion of this questionnaire should follow a demonstration on the prototype system. 

Information about Participants 

Date of Evaluation 
Company Name 
Role carried out/position held 

(e. g. project manager, design consultant, engineer) 
Area of experience (e. g. civil engineering, building, design, etc) 
Experience in/with construction industry (years) 

A: THE PROBLEM DEFINITION SUB-SYSTEM 

Please tick the box that best represents your response to a question. Ranking 
Poor Excellent 
12345 

TYPE OF KNOWLEDGE 
Ti 1 How well does the system help in identifying the classes of knowledge? 

2 How well does the system support identifying the business drivers for KM? 

CHARACTERISTICS OF KNOWLEDGE 
3 How well do the five-point scales describe the characteristics of knowledge? 
4 How useful was it to have the definition of each characteristic next to it? 

, mTRCES AND USERS OF KNOWLEDGE 
5 How effective were the two matrices in identifying the sources/users and the 

relevant enablers/resistors for knowledge transfer? 
6 How useful was the link between the two matrices? 

CURRENT PROCESSES FOR MANAGING KNOWLEDGE 

7 How easily does the system allow the description of the KM processes in-use? 

8 How easily does the system allow the input of other processes? 
9 How useful is it to include a review of current processes? 

r, FNFR AI 

10 How useful was the re-statement of the KM problem at the end of the process? 
_ 

11 How well does the system facilitate capturing and identifying a KM problem? j 
_I 

12 How well does the system encourage a wider thinking about the KM roblem? 

In what ways can the Problem Definition Sub-system be improved? 

B: THE STRATEGY DEVELOPMENT SUB-SYSTEM 

Please tick the box that best represents your response to a question. 

r, T)f AwneATrnTAT. (', UAT_Cc 

Ranking 
Poor Excellent 
123 14 5 

13 How appropriate were the sliders for identifying current and required KM 
status? 

14 How properly does the system state the organisational goals and priorities? 
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KNOW!. F. nr. R MTC, R ATTON PATN. Q" 

15 How helpful were the arrows in identifying the knowledge migration paths? 
16 How useful would it be to disable the arrows that are not applicable in a given 

situation? 
17 How favourable would it be if the arrows automatically indicated the most 

likely paths based on the selection using the sliders? 
18 How clearly does the system state the paths to achieve an organisational goal? 
DEVELOPING KM STRATEGY 
19 How useful was the matrix of the migration paths and the KM processes? 
20 Would it be useful if the system suggested the KM process for every 

migration path? 
21 How useful was it to include the possible enablers/resistors for every KM 

process? 
22 How useful was it to allow the user to select a generic process to input strategyj 
23 How flexible was the system in enabling you to select a KM strate / rocess? 

GENERAL 
24 How useful was the structured approach followed by the system? 
25 How well does the system facilitate the development of a KM strategy? 

In what ways can the Strategy Development Sub-system be improved? 

C: COMMON QUESTIONS ON THE SYSTEM 

Please tick the box that best represents your response to a question. Ranking 
Poor Excellent 
12 345 

MANAGEMENT OF SYSTEM INTERACTION 
26 How attractive is the graphical user interface of the system? 
27 How simply can a user edit her/his input? 

28 How easily can a user add new elements (knowledge class, characteristic, etc)? 
29 How easy is it to navigate between the system's objects (forms, reports, etc)? 
30 How easily can the system generate a report? 
TVRff`TPNCV 

31 T. How effective is the system in reducing duplication of input? 

32 How effective is the on-screen help in explaining how to use the system? 
33 How convinced are you that the system can be used by organisations? 

nr rrCOME 
34 How understandable were the generated reports? 
35 How accurate were the generated reports compared to what was expected? 
t- vxTrO AT 

- 

36 Rate how confident you are with computers (generally) 
37 How generic do you consider the system to be? 
38 What is your overall rating of the system? 

In what ways can the CLEVER KM Prototype be improved? 

Further comments (Please use the back of the sheet if required): 
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Appendix A5: Technology Categories & Software Applications for KM Sub-processes (light version 
KM Sub- Technology Category Application Software 
process 

Experts Directory (ED) AskMe, Sigma Connect, IntellectExchange, Expertise 
Infrastructure 

Data Warehouses (DW) S csort: http: //www. syncsort. com 
Web Crawler - Meta Search (WC) MetaCrawler, SurfWax, Copernic Basic 2001, 

ec 
Livelink, Dogpile, Mamma, CNET Search 

4n -5 Data and Text Mining (D/T M) Data Mining: Knowledge SEEKER, Retrieval Ware, 
XpertRule Miner, Clementine 
Text Mining: SemioMap, Intelligent Miner for Text, 

b Me a ture Intelligence 
Knowledge Mapping - Concept Mapping (KM pp) Knowledge Service, IHMC Concept Map 
Knowledge Discovery Packages (KDP) Knowledge Discovery Tools by Lotus IBM, Livelink 

by OpenText 
Intranet/Extranet (INRA/EXRA) Livelink, Instant Intranet Builder, iLevel 
Search Engines (SE) Goole, Yahoo, FAST, Excite, AltaVista, Infoseek 
Taxonomy/Ontological Tools (T/O T) Autonomy, SemioMap, Retrieval Ware Suite 
Web Mapping Tools (WMT) Web Squirrel, WINCITE 
Electronic Document Management Systems (EDMS) Documentum, BASIS®, Dicom 
Electronic Mail (E-Mail) Eudora, Microsoft Outlook 
Word Processors (WP) MS Word, Word Perfect 
Case-Based Reasoning - Expert Systems (CBR) CBR-Works, Kaidara 
Knowledge Bases (KB) Assistum, KnowledgeBase. net, XpertRule 

Knowledge Builder 
M i i KM K l d app Knowledge Mapp ng - Concept ng ( pp) now e ge Service, IIIMC Concept Ma 

Mind Mapping Applications -Brainstorming (MMA) Mind Manager, The Brain 
Web Publishing (WPb) Knowled eBase. net 
Virtual Reality Tools (VR) Maelstrom, 3ds maxTM for Windows® 
Word Processors (WP) MS Word, Word Perfect 

ä 
. 

Computer Aided Design (CAD) Autodesk products 
94 Spread-Sheets (SS) MS Excel, Staroffice O nOffice Calc, Lotus 1.2-3 

Knowledge Mapping - Concept Mapping Knowledge Service, IIIMC Concept Map 
Web Publishing (KM PP) KnowledgeBase. net 
Communities of Practice (CoPs) AskMe 
Intranet/Extranet (INRA/EXRA) Livelink, Instant Intranet Builder, iLevel 
Web-Based File Sharing Tools (WBFS) KnowledgeDisk, Briefcase 
Instant Messaging (IM) NetLert 3 Messenger, Trusted Messenger, ICQ, 

AOL Instant Messenger, Yahoo Messenger, MSN 
Messenger 

Integrated Groupware Solutions (IGWS) A group of Lotus products (Notes, Domino, 
Sametime, QuickPlace), GroupWise, BrightSuite 
Enterprise, MyLivelink, Plumtree Collaboration 
Server, iTeam, iCohere 

Multi-Media Tools - Video Conferencing software MS NetMeeting, AbsoluteBUSY, eRoom, WebEx 
(MtMd) Training Center, WebEx Meeting Center, 

WebDemo 

Electronic Mail (E-Mail) Eudora, MS Outlook 
Data and Text Mining (D/T M) Data Mining: Knowledge SEEKER, RetrievalWare, 

X rtRule Miner, Clementine 
Text Mining: SemioMap, Intelligent Miner for Text, 
Me a ture Intelligence 

Knowledge Mapping - Concept Mapping (KM PP) Knowledge Service, IIIMC Concept Map 
Mind Mapping Applications/Brainstorming (MMA) Mind Manager, The Brain 
Data Warehouses (DW) Syncsort 
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Appendix A12: Questionnaire for Refining the IMPaKT Methodology and Prototype 

A Prototype System for Knowledge Management Impact Assessment 

The completion of this questionnaire should follow a demonstration on the prototype system. 

Information about Participant 

Date 
Company Name 

Role carried out/position held (e. g. project manager, design consultant, engineer) 
Area of experience (e. g. civil engineering, building, design, etc) 
Experience in/with construction industry (years) 

A: BUSINESS IMPROVEMENT STRATEGY SUB-SYSTEM 

Please tick the box that best represents your response to a question. Ranking 

(Larger scores reflect more positive response) 12345 

I How easily does the system facilitate the formulation of a business 
improve ent strategy? 

2 How well does the system facilitate the understanding of terminologies used? 
3 How easily does the system facilitate the determination of performance gaps? 

a. Quantitative approach 
b. Qualitative a roach 

B: KM STRATEGIC PLAN SUB-SYSTEM 

Please tick the box that best represents your response to a question. Ranking 

12345 
KM PROBLEM CLARIFICATION AND RESPONSE 
4 How easily does the system facilitate the identification of the KM sub- 

processes involved in a business problem? 
5 How well does the system help in identifying the most suitable KM tools for a 

KM sub-process? 
6 How helpful was the information obtained about the selected KM tools? 

KM ACTION PLAN 
7 How well does the system help in developing a KM action plan? 
8 How useful were the sliders (in the action plan check list) in capturing the 

response from users? 
9 How clearly does the system state the actions to be taken? 

10 How helpful were the colours (traffic light system) in illustrating the 
importance of the actions to be taken? 

rAI JSE-AND-EFFECT MAP 
11 How well does the system support linking the KM initiatives to strategic 

objectives and performance measures? 
12 How simple was it to create a link or remove a link? 
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I 

C: KM EVALUATION STRATEGY SUB-SYSTEM 
Please tick the box that best represents your response to a question. 

EFFECTIVENESS OF KM INITIATIVES 
13 How easily does the system enable identifying the likely contribution of a KM 

initiative to a performance measure? 
14 How easily does the system help in identifying the probability of success of a 

KM initiative? 
15 How can the system for determining the effectiveness be improved? (please answer below) 

Ranking 

12345 

EFFICIENCY OF THE KM INITIATIVES 
16 How useful was the 'dynamic' guide for selecting an evaluation method? 
17 How well does the system present the Cost Checklist and Benefit/Utility 

Checklist? 
18 How can the system for determining the efficiency be improvea't (please answer below) 

PRTfRTTTCTNC: KM TNTTTATIVES 

19 How useful was the drag-and-drop method for prioritising the KM initiatives? 
20 How useful was the effectiveness-efficiency matrix? 
21 How can the system for priontising the iuvi initiatives De improvea i kpiease answer uelow) 

D: GENERAL QUESTIONS ON THE SYSTEM 

Please tick the box that best represents your response to a question. 

!9AMA ria, rr7xrr nF cvcTFM INTER ACTION 

Ranking 

12345 

22 How attractive is the graphical user interface of the system? 
23 How easily can a user edit input? 
24 How useful were the dynamic links between the user inputs? 

25 How easy is it to navigate between the different stages within the system? 
26 How clear are the instructions for using the system? 

FPF'rrTFNrv 

27 How effective is the system in reducing duplication of input? 
28 How effective is the on-screen help in facilitatin the use the s stem? 
29 How convinced are you that the s stem can be used by or anisations? 

OUTCOME 
30 How easily can the system's output be understood? 
31 How accurate was the system's output compared to what was expected? 
r. PNRR AT. 

32 How useful was the approach used in the system? 
33 How confident are you with computers (generally) 
34 What is your overall rating of the system? 
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In what ways can the Business Improvement Strategy Sub-system be improved? 

In what ways can the KM Strategic Plan Sub-system be improved? 

In what ways can the KM Evaluation Strategy Sub-system be improved? 
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Appendix A13: Evaluation Questionnaire 

A Prototype System Developing and Implementing Knowledge Management Strategies 

Using CLEVER and IMPaKT Prototype Systems for Structural Design Knowledge 

The completion of this questionnaire should follow a demonstration on the prototype system. 

A. Information about Participant 
Date 
Company Name 
Role carried out/position held 
Experience in structural design (years) 

B. The CLEVER Prototype 
Please tick the box that best represents your response to a question. Rating 

Poor Excellent 
(Larger scores reflect more positive response) 12345 

KM PROBLEM AND GOALS IDENTIFICATION 
I How well does the system clarify problems of structural design knowledge? 

2 How relevant to structural design are the knowledge characteristics used in the 
system? 

3 How well does the system relate structural design knowledge to organisational 
business drivers? 

4 How well does the system help in identifying the organisational goals for 

managing structural design knowledge? 

KM STRATEGY DEVELOPMENT 
5 How well does the system help in developing a KM strategy for sharing 

structural design knowledge? 
6 How well does the system help in identifying the sources of knowledge? 
7 How well does the system help in identifying the users of knowledge? 

GENERAL 
8 How appropriate is the system for structural design departments/divisions? 
9 What is your overall rating of the system? 

C. The IMPaKT Prototype 
KM STRATEGY DEVELOPMENT 
10 How well does the system help in developing a KM strategy for sharing 

structural design knowledge? 
11 How well does the system identify the tools required for managing structural 

design knowledge? 
12 How well does the system help in developing an action plan for 

implementation? 
13 How well does the system relate the KM initiatives to strategic objectives and 

performance measures (cause-and-effect map)? 

KM STRATEGY EVALUATION 
14 How useful do you think the system will be in evaluating a KM strategy 

before implementation? 
15 How useful do you think the system will be in evaluating a KM initiative after 

implementation? 
16 How well does the system help in prioritising KM initiatives? 

GENERAL 
17 How appropriate is the system for structural design 

firms/departments/divisions? 
-T8- What is your overall rating of the system? 
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In what ways can the CLEVER prototype be improved? 

In what ways can the IMPaKT prototype be improved? 

Further comments (please use back of sheet if required) 
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