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Abstract 

This thesis describes the development and evaluation of a knowledge-based electronic 

meeting system (EMS) for implementing value management (VM) in construction 

briefing. This research is driven by two forces. First, difficulties encountered in the 

VM practice and the briefing practice jointly pose the challenge of efficiently 

conducting VM studies in construction briefing. The difficulties in briefing include 

client’s limited experience with the building industry, difficult representation of client 

interest groups, difficult identification of client’s needs, difficult interpretation of 

client’s needs in specific building terms, and lack of sufficient time for briefing. The 

difficulties of implementing VM include lack of information, lack of participation and 

interaction and difficulties in conducting accurate evaluation and analysis. Second, 

there is a growing desire to take advantage of information and communication 

technologies (ICT) to enhance the efficiency of briefing. 

In this research, the term “knowledge-based” refers to the case-based reasoning (CBR) 

feature of the EMS. It is designed and implemented to build a learning-and-practicing 

environment, where people with limited experience of VM can retrieve functions and 

relevant functional performance criteria of previous similar projects, and then directly 

or heuristically use them. Thus, three specific research objectives have been 

established: (1) to develop a knowledge-based EMS for implementing VM in 

construction briefing; (2) to investigate whether the EMS can facilitate the 
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implementation of VM in briefing; and (3) to investigate whether the CBR feature can 

facilitate the implementation of functional performance specification (FPS) in briefing. 

To achieve the research objectives, three research tasks: literature review, system 

development, and system evaluation, are conducted. The EMS is designed to increase 

process gains and decrease process losses in briefing workshops through four 

contributing mechanisms: (1) the process structure, which is constructed with a 

structured VM job plan proposed for briefing, FPS, and nominal group technique; (2) 

the process support, which is implemented with parallel communication, anonymity, 

group memory, and media effects; (3) the task structure, which is built with function 

analysis system technique and multi-criteria decision making; and (4) the task support, 

which is provided through building a collaborative whiteboard, a chat room, an 

electronic voting feature, and the CBR feature.  

With respect to the difference between the objectives for which they are designed, the 

EMS and the CBR feature are evaluated separately. The performance of the EMS is 

then evaluated through two field studies and an experimental study. The first field 

study is a VM workshop for a mountain bike track in Hong Kong while the second one 

is an integrated workshop that consists of three sessions: partnering, VM, and risk 

management. At the end of each workshop, a questionnaire is completed to collect the 

participants’ opinions on the workshop and the EMS. The experimental study is 

conducted by 72 part-time postgraduate students. They are divided randomly into two 

teams: an experimental team supported by the EMS and a control team using the 
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traditional face-to-face means, to conduct a trial briefing workshop for the Phase 8 

Development of the HK Polytechnic University Campus. The performance of the EMS 

is then evaluated through comparing the numbers of the unique functions and ideas of 

the two teams. The system evaluation results illustrate that the knowledge-based EMS 

can facilitate the implementation of VM in briefing through providing progress 

structure, process support, task structure and task support. 

Two methods are used to evaluate the CBR feature: (1) technical analysis in terms of 

case base coverage and (2) expert evaluation in terms of the percentage of problem 

solving successes and the performance of recommendations. According to the 

evaluation results, the CBR feature has big potential to be helpful in the function 

analysis phase and the performance specification phase. 

This research contributes to knowledge from three perspectives. First, this research 

leads to new knowledge of using EMS to implement VM in construction briefing. As a 

comprehensive ICT solution for VM, the knowledge-based EMS has a profound 

impact on the way to conducting construction briefing as well as on the efficiency of 

VM studies. The research outcomes provide possible solutions to the problems 

frequently encountered both in briefing and in VM studies. Second, this research leads 

to new knowledge of developing performance-based briefs. A performance-based 

approach is a way of thinking and working in terms of ends rather than means; it 

focuses on what a building is required to do rather than how it is to be constructed. 

This research proposes a new job plan that enables clients to more efficiently specify 
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their requirements in the form of functions and functional performance. Third, this 

research contributes knowledge of using CBR, which is designed and implemented on 

the basis of VM, in construction briefing. This knowledge-based EMS builds a 

learning-and-practicing environment where inexperienced briefing takers can easily 

retrieve and learn relevant knowledge from previous similar projects, and directly or 

heuristically use the retrieved knowledge. In turn, new knowledge (i.e., well-defined 

original functions, functional performance, and ideas) can be retained and reused in 

future. 
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Chapter 1 Introduction 

1.1 Research Background 

Value management (VM), a concept familiar to the construction industry, involves 

defining what “value” means to a client within a particular context by bring the project 

stakeholders together and producing a clear statement of the project’s objectives 

(Green, 1992). In Hong Kong, the Works Bureau and the Planning, Environment and 

Lands Bureau jointly require major projects (those with an estimated project cost 

exceeding HK$ 200 million) in the subordinate departments to conduct VM studies 

(ETWB, 2002). The Construction Industry Review Committee (2001) also 

recommends that VM should be used more widely in local construction, as it can help 

both the clients and the project team to focus on the objectives of the project and the 

needs of all stakeholders, both long and short term. Lots of researchers have proposed 

using VM in briefing as a means of eliciting, clarifying, and specifying client’s 

requirements (e.g., Green, 1992; Kelly and Male, 1993; Barton, 2000; Kelly et al, 

2004; Shen et al, 2004b; Yu, 2006). 

Function analysis system technique (FAST) and functional performance specification 

(FPS) are the two basic techniques of VM. Shen et al. (2004b) developed a structured 

framework with FAST and FPS to enable the client organization and project team to 

systematically identify, clarify, and represent client requirements in the briefing 

process. 
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However, questions have been raised about the efficiency of implementing VM in 

briefing. The problems encountered in briefing include: (1) client’s inexperience with 

the building industry, (2) difficult representation of client interest groups, (3) difficult 

identification of client’s needs, (4) difficult interpretation of client’s needs in building 

terms, and (5) lack of sufficient time for briefing (MacPherson et al., 1992). Other 

research efforts have similar problem statements concerning the briefing practice 

(Newman et al., 1981; Barrett and Stanley, 1999; Kamara and Anumba, 2001; Shen 

and Chung, 2006). Shen and Chung (2000) investigated the VM practice in Hong 

Kong and noted the problems of conducting VM studies as (1) lack of information, (2) 

lack of participation and interaction, and (3) difficulty in conducting evaluation and 

analysis. 

In attempting to address the aforementioned problems, extensive research has been 

conducted into employing ICT to improve the efficiency of either briefing or VM. By 

way of illustration the ICT applications in briefing such as the expert system by 

Brandon (1990), SEED-Pro by Akin et al. (1995), ClientPro by Kamara and Anumba 

(2001) can be cited. Likewise, the ICT applications in VM such as the toolkits by 

Meng (1996), Otero (1997), Waterhouse (1998), Alcantara et al. (1998), Harris et al. 

(1998), and Hyun and Kim (2002) can be cited. Furthermore, a series of studies (Shen 

and Chung, 2002; Shen et al., 2004b; Fan and Shen, 2006; Fan et al., 2006; Fan et al., 

2007; Fan et al. 2008) focusing on using group decision support systems (GDSS) to 

aid VM studies have been carried out. These studies show that the GDSS has big 

potential to enhance the efficiency of VM workshops. 
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Case-based reasoning (CBR), as a problem solving paradigm, is able to utilize the 

specific knowledge of previously experienced in the form of real problem situations 

(cases), thus a new problem is solved by finding a similar past case and reusing it in 

the new problem situation (Aamodt and Plaza, 1994). CBR has been successfully 

applied to a variety of industries. In the building industry, CBR has been used to solve 

problems in construction negotiation (Li, 1996), wall selection (Yau and Yang, 1998), 

bid decision making (Chua et al., 2001), construction safety planning (Chua et al., 

2002), procurement selection (Luu, 2003), construction planning (Dzeng and Lee, 

2004; Ryu et al., 2007), bid mark-up estimation (Dikmen, 2007), subcontractor 

registration decisions (Ng and Luu, 2008), and construction hazard identification (Lee, 

2009). 

1.2 Research Aim and Objectives 

Based on the analysis above, two motivations for this research can be summarized as 

follows: 

1) The challenge to efficiently conduct VM studies in briefing. 

2) The increased desire to take advantage of information and communication 

technologies (ICT) to enhance the performance of briefing. 

The overall aim of this research is set to build and evaluate a knowledge-based 

electronic meeting system (EMS) for implementing value management (VM) in 

construction briefing. In this research, the term “knowledge-based” refers to the CBR 

feature of the EMS, which is designed and implemented to build a 
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learning-and-practicing environment where people with limited experience in briefing 

can easily retrieve similar functions and relevant functional performance criteria from 

previous projects, and then directly or heuristically use them in the new project. 

Three specific research objectives are established as: 

1) To develop a knowledge-based EMS for implementing VM in construction 

briefing; 

2) To investigate whether the EMS can facilitate the implementation of VM in 

briefing; and 

3) To investigate whether the CBR feature can facilitate the implementation of FPS 

in briefing. 

1.3 Research Framework 

Research can be classified into basic research and applied research based on the degree 

to which findings have direct application and the degree to which they are generally 

applicable to other situations (Gay and Diehl, 1992). Basic research involves the 

development and refinement of theory and is not concerned with practical applicability. 

It most closely resembles the laboratory conditions and controls usually associated 

with scientific research. 

Applied research concerns the application of theory to the solution of problems. These 

studies emphasize “what” works best more than “why” it works. According to 

Checkland and Holwell (2007), applied research can be sub-divided into three types: 
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1) Evaluation research, which is intended to support decision making regarding the 

relative worth of two or more alternative actions.  

2) Research and development, which is not directed at formulating or testing theory 

but developing new products or processes. It involves meeting specific needs in 

accord with detailed specifications. Once completed, products or processes are 

field-tested and revised until a specified level of efficiency is achieved. 

3) Action research, which is concerned with immediate solutions to local problems. 

In other words, the primary goal of action research is the solution of a given 

problem, not a contribution to science. Since the flux of events and ideas which 

constitute the research situation will continue to evolve through time (i.e. “not 

homogenous through time”), ending an action research is ultimately an arbitrary 

act. 

Seeing the research objectives established before, this study belongs to applied 

research that attempts to design and develop a knowledge-based EMS in accord with 

detailed requirements for implementing VM in construction briefing. 

The research in the information systems discipline is characterized by two distinct 

paradigms: (1) behavioral and social science, and (2) design science (Hevner et al., 

2004). The behavioral and social science paradigm is rooted in natural science 

research, and attempts to develop and justify theories that explain or predict 

organizational and human phenomena surrounding the analysis, design, 

implementation, management, and use of information systems. On the other hand, the 
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design science paradigm is rooted in engineering and the sciences of the artificial as 

mentioned by Simon (1996). It seeks to create innovations that define the ideas, 

practices, technical capabilities, and products through which the analysis, design, 

implementation, management, and use of information systems can be effectively and 

efficiently accomplished (Denning, 1997; Tsichritzis, 1998). 

Hevner et al. (2004) propose a research framework for understanding, executing, and 

evaluating information system research that combines the behavioral and social 

science and design science paradigms. The research framework composes three 

elements: environment, information system research, and knowledge base. The 

environment defines the problem space (Simon, 1996), in which resides the 

phenomena of interest. The information system research is conducted to address the 

problems perceived in two complementary tasks: development and evaluation. The 

knowledge base provides the raw materials, from and through which information 

system research is accomplished.  

According to the framework by Hevner et al. (2004), a specific framework for this 

research has been developed as illustrated in Figure 1.1. There, the VM-based briefing 

is the background fostering the research objectives. EMS research is then conducted 

through two tasks: (1) developing an EMS embodying CBR, and (2) evaluating them. 

The knowledge base is composed of the related knowledge domains: briefing, VM, 

CBR, and EMS, and the research tasks: literature review, system development, and 

system evaluation. Finally, this research is carried out with two expectations: (1) to use 
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the knowledge-based EMS to enhance the efficiency of implementing VM in briefing, 

and (2) to make contributions to the knowledge base. 

 

Figure 1.1 Research framework 

1.4 Research Tasks and Methods 

The research framework considers literature review, system development and system 

evaluation as the three primary research tasks. Literature review is identified as being 

able to serve six purposes (Ridley, 2008): (1) providing a historical background for the 

research; (2) giving an overview of the current context in which the research is 

situated by referring to contemporary debates, issues and questions in the field; (3) 

including a discussion of relevant theories and concepts which underpin the research; 

(4) introducing relevant terminology and providing definitions to clarify how terms are 

being used in the context of the research work; (5) describing related research in the 

field and showing how the current work extends or challenges it, or addresses a gap in 

work in that field; and (6) providing supporting evidence for a practical problem or 

issue which the research is addressing, thereby underlining its significance.  
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A research process in the behavioral and social sciences typically consists of six 

phases: choosing research problems, establishing hypotheses, formulating research 

design, collecting data, analyzing data, and interpreting results in order to test 

hypotheses. The system development task (its process model illustrated in the Figure 

1.2) integrated with the system evaluation task shares a lot of similarities with the 

social and engineering types of research and can also be viewed from a research 

methodology perspective (Nunamaker et al., 1991a). 

 
Figure 1.2 System development process 
(adapted from: Numamaker et al., 1991a) 

1.4.1 Literature Review 

For a system developer, the real world may be associated with the problem space and 

the system implementation with the solution space (Latour, 1995). To have a 

comprehensive understanding of the problem and solution spaces, the literature review 

involves four fields: (1) a review of briefing in terms of its definitions, processes, 

methods, problems, and ICT applications; (2) a review of VM in terms of its evolution, 

definitions, characteristics, techniques, problems and ICT applications; (3) a review of 

EMS in terms of terminology, taxonomies, basic components, and contributing 

mechanisms; and (4) a review of CBR in terms of its evolution, processes, design 

issues, and applicability. In this knowledge-based EMS research, briefing and VM 

construct the problem space; EMS and CBR compose the solution space. 
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1.4.2 System Development 

Step 1: Construct a conceptual framework. A conceptual framework should be 

constructed according to the meaningful research objectives to investigate the system 

functionalities and requirements at a general level. As detailed in Chapter 4, the 

knowledge-based EMS is developed to facilitate the implementation of VM in briefing 

through providing process structure, process support, task structure, and task support. 

A structured VM job plan consisting of eight phases: pre-workshop, information, 

function analysis, performance specification, creativity, evaluation, presentation, and 

post-workshop, defines the specific procedure of briefing. It also informs the 

development of the knowledge-based EMS. 

Step 2: Develop system requirements and architecture. System architecture 

provides a roadmap for the system building process by putting the system modules in 

the correct perspective, specifying their functionalities, and defining the structure of 

relationships and dynamic interactions among them. As detailed in Chapter 5, the 

EMS is built with seven feature modules: function analysis, performance specification, 

CBR, task management, creativity, evaluation, and progress control. The CBR feature 

module is built with four sub-modules: case representation, case index, case retrieval, 

and case retaining. 

Step 3: Analyze and design the system. Design is to draw a blueprint for the 

implementation of the system, which involves the understanding of the domain studies, 
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the application of relevant scientific and technical knowledge, the determination of 

various alternatives, and the synthesis and evaluation of proposed alternative solutions.  

Step 4: Build the system. Implementation of a system is to demonstrate the feasibility 

of the design. Empirical study of the functionality and usability can only be performed 

after the system has been built. 

1.4.3 System Evaluation 

Once the system is implemented, it can be tested against the original objectives of 

building the system. The EMS and the CBR feature will be tested separately with 

respect to the difference between the objectives. The EMS is built for using VM in 

briefing and should therefore enhance the efficiency of briefing. The performance of 

the EMS is evaluated through two field studies and an experimental study. The first 

field study is a VM workshop for a mountain bike track in Hong Kong and the second 

one is an integrated workshop that composes three sessions: partnering, VM, and risk 

management. At the end of each workshop, a questionnaire is completed to collect the 

participants’ opinions on the workshop and the EMS. The experimental study is 

conducted by seventy two part-time postgraduate students. They are divided randomly 

into two teams: an experimental team supported by the EMS and a control team using 

the traditional face-to-face means, to exercise a briefing workshop for the Phase 8 

Development of the HK Polytechnic University Campus. The performance of the EMS 

is then evaluated through comparing the numbers of unique functions and ideas of the 

two teams. 
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The CBR feature is designed to provide task support in the function analysis and 

performance specification phases (as detailed in Chapter 4) through recommending 

functions and functional performance. To evaluate the CBR feature, technical analysis 

in terms of case base coverage (Smyth and McKenna, 1998) and expert evaluation in 

terms of percentage of problem solving successes and performance of 

recommendations (Olmo and Gaudioso, 2007) will be conducted. 

1.5 Thesis Structure 

The remainder of the thesis is organized into 6 chapters. As always in a study of this 

nature, this thesis stands on the bodies of work of previous researchers and 

practitioners. Literature review accounts for an important part of this thesis and is 

presented with two independent but related chapters. Chapter 2 describes the review of 

the problem space: briefing and VM; Chapter 3 describes the review of the solution 

space: EMS and CBR. 

Two chapters are used to describe the development of the knowledge-based system. 

Chapter 4 describes a conceptual framework that clarifies how the EMS supports the 

implementation of VM in construction briefing. The framework combines the VM, 

CBR, and EMS techniques to build a comprehensive ICT solution for briefing. 

Furthermore, a structured VM job plan is proposed to set the procedure of VM-based 

briefing. Chapter 5 describes the development of the knowledge-based system in terms 

of system requirement analysis, system design, system implementation and system 

use. 
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Chapter 6 describes the separated evaluations of the EMS and the CBE feature. Two 

field studies and an experimental study are carried out to assess the performance of the 

EMS. Technical analysis and expert evaluation are conducted to investigate the 

performance of the CBR feature. 

Chapter 7 starts from drawing conclusions from this research according to the research 

tasks conducted in this study, followed by the summarization of the knowledge 

contribution by this research. The limitations of this research and the suggestions for 

further research are finally discussed.
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Chapter 2 Briefing and VM: A Review of Problem Space 

2.1 Introduction 

To have a profound and comprehensive understanding of the problem space, this 

chapter presents a review of the literature on briefing and VM. First, the definitions, 

primary processes and methods of briefing are thoroughly investigated, followed by 

the examination of problems encountered in the briefing practice. ICT applications in 

briefing are also reviewed. 

As for VM, the evolution and the respective definitions of it are addressed, followed 

by highlighting three characteristics of VM (e.g., systematic process, functional 

approach, and multi-discipline teamwork). VM is then investigated in terms of these 

three characteristics. Finally, the applications of VM in briefing are reviewed. ICT 

applications in VM are also covered. 

2.2 A Review of Briefing 

2.2.1 Definitions of Briefing 

Various definitions in literature provide a comprehensive viewpoint to understanding 

the essence of briefing. The following definitions are categorized into two groups: 

construction briefing (used in the UK and Hong Kong) and architectural programming 

(AP, used in the US). Construction briefing is: 

1) “The communication between the client and architect for the purpose of 
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exchanging information and making decisions usually with the purpose of 

enabling the architect to design a building required by the client” (Newman et al., 

1981). 

2) “The process of producing a statement of what the client’s needs. It is both an 

expression of project requirements and a learning process” (White, 1991). 

3) “The process by which a client informs others of his or her needs, aspirations and 

desires, either formally or informally, and a brief is a formal document which sets 

out a client’s requirements in detail” (CIB, 1997). 

4) “A creative process. Design is briefing, and briefing relies on design. Briefing is 

an evolutionary process of understanding an organization’s needs and resources, 

and matching these to its objectives and its mission” (Blyth and Worthington, 

2000). 

5) “Defining the question to which the design is an answer, the one answer chosen 

from among the many possible” (Hyams, 2001). 

6) “The process of gathering, analyzing, and synthesizing information needed in the 

building process in order to inform decision-making and decision implementation” 

(Kelly and Duerk, 2002). 

AP is: 

1) “A process leading to the statement of an architectural problem and the 

requirements to be met in offering a solution” (Pena et al., 1977, 1987, 2001). 

2) “The process of managing information so that the right kind of information is 

available at the right stage of the design process and the best possible decisions 
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can be made in shaping the outcome of the building design” (Duerk, 1993). 

3) “The research and decision-making process that defines the problem to be solved 

by design” (Cherry, 1999). 

4) “The first stage of the architectural design process in which the relevant values of 

the client, user, architect, and society are identified; important project goals are 

articulated; facts about the project are uncovered; and facility needs are made 

explicit” (Hershberger, 1999). 

In this research, the definition by Hershberger is preferred in view of the research 

environment (as illustrated in Figure 1.1) in which VM is used in briefing. 

Consequently, a brief (architectural program), is “the document in which the identified 

values, goals, facts, and needs are presented” (Hershberger, 1999). 

2.2.2 Processes of Briefing 

According to the definitions above, the primary work of briefing is carried out at the 

early stages in a project development process. The RIBA outline plan of work and the 

AIA Schedule of Designated Services describe the timing of briefing, as shown in 

Figure 2.1. 
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Figure 2.1 Briefing/AP in a project development process 
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It is illustrated by the briefing/AP definitions that briefing and designing are 

intertwined. Referred to the design process, briefing can be divided into two primary 

stages (RIBA, 2000; Kelly, 2005): strategic briefing and project briefing, as shown in 

Figure 2.2. This separation is either explicitly supported by Newman et al. (1981), CIB 

(1997), and Kelly and Duerk (2001) or implicitly acknowledged by Barrett and 

Stanley (1999), Blyth and Worthington (2001), and Kamara et al. (2002). According to 

CIB (1997), the strategic brief sets out the broad scope purpose and its key parameters 

including the overall budget and program. It is expected to provide an output 

specification which explains in clear terms what is expected of the project; the project 

brief transfers the strategic brief into construction terms, puts initial sizes and 

quantities to the elements and gives them an outline budget. 

 
Figure 2.2 Process of brief and design development 

(adapted from: RIBA, 2000) 

Similarly, Pena et al. (1987, 2001) supported by Duerk (1993) and Cherry (1999) 

contend that architectural programming consists of two phases: schematic 

programming and program development, as illustrated in Figure 2.3. Cherry (1999) 

states that the difference between a schematic program and a design development 

program is merely a matter of the information scale. 
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Figure 2.3 Two-phase process of program development 

(adapted from: Pena and Parshall, 2001) 

In more detail, Kelly and Male (1993) categorize the decision information involved in 

the project delivery process into four levels: (1) concept, the point at which a decision 

to proceed with a project is taken and the formulation of the strategic brief and outline 

business case undertaken; (2) spaces, when the size, adjacency, servicing and finishing 

of spaces are defined in the project brief; (3) elements, when the building takes a 

geometric form, elements are identified, a cost plan configured and a full business case 

completed; and (4) components, when the detailed design of elements is undertaken. 

2.2.3 Methods of Briefing 

Unstructured methods. Previous research highlights that unstructured briefing 

methods are mostly used in the UK. Newman et al. (1981) reported that 79.5% of 

private practices and 47.8% of local authorities did not use a structured approach to 

briefing. Ten year later, White (1991) reported a similar statistic; 67% of respondents 

stated that architects did not approach briefing systematically and that the approach 

tended to vary with the experience of the individual. Over another ten years, the 

situation did not change. Kamara et al. (2002) reported that a structured methodology 

was used in only 28.1% of the surveyed projects and that no structured briefing 

procedures were used in 58% of projects. 
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As a result, a written performance specification is the outcome of briefing in 61.6% of 

projects, and sketches and drawings were considered the medium for the translation of 

client’s requirements in designs in 53.6% of projects (Kamara et al., 2002). 

Hershberger (1999) states that the briefs resulting from the unstructured briefing 

methods are “typically very short lists of the required rooms and the square of footages, 

with very little explanation of the values of client, users, or society; purposes to be 

served by the building; relationships between spaces; requirements of the spaces; and 

so on”.  

Structured methods. Compared with the situation in the UK, structured methods are 

currently widely used in the US. Problem Seeking (Pena and Focke, 1969) was the 

first normal approach to programming; the book was revised and reprinted in 1977, 

1987, and finally in 2001. It describes a successful methodology which is still 

employed by HOK and is widely emulated by the practitioners of AP. The approach 

described in the series is composed of five tasks: establish goals, collect facts, uncover 

concepts, determine needs, and state the problem. Each of the tasks is investigated 

with respect to four considerations (Pena et al., 1987): (1) Function, which implies 

“what’s going to happen in their building.” It concerns activities, relationship of 

spaces, and people. Key works are: people, activities, and relationships. (2) Form, 

which relates to the site, the physical environment (psychological, too) and the quality 

of space and construction. Form is the “what is there now” and “what will be there.” 

Key words are: site, environment and quality. (3) Economy, which concerns the initial 

budget and quality of construction, but also may include consideration of operating 
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and life cycle costs. Key words are: initial costs, operating costs, and life cycle costs. 

(4) Time, which has three classifications: past, present, and future, which deal with the 

influences of history, the inevitability of changes from the present and projections into 

the future. 

Pena et al. (1987) also propose a seven-week programming job plan, in which a 

workshop termed “programming squatters” is conducted in the fourth week. The 

“programming squatters” runs according to a well-thought-out agenda. The most 

important feature of the squatters’ workroom is plenty of wall space for pinning up 

displays. The result of this workshop is the construction of an information matrix, as 

illustrated in Figure 2.4. 

 Goals Facts Concepts Needs Problem 

Function      

Form      

Economy      

Time      

Figure 2.4 Information matrix by Pena et al. 
(adapted from: Pena et al., 1987) 

Palmer (1981) proposes another important approach to architectural programming. 

However, it is believed by Kumlin (1995) to be similar in features and form to that in 

the Problem Seeking series. In Palmer’s framework, there are three types of program 

contents which define the issues and present the concepts or precepts that must be 

addressed in design: (1) Ascertainments, which are statements of conditions, processes, 

and events that influence, restrict, and/or enhance the design and that should be 

accommodated or created; (2) Predications, which are forecasts about the influences of 
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certain factors, projections of future conditions and expectations of the consequence of 

design decisions; and (3) Recommendations, which are specific directions or proposed 

actions as to what should be done to accommodate or create desired conditions, 

processes and events for effective design. 

For each type of content, three categories of factors are expected to be investigated 

(Palmer, 1981): (1) human factors concerning activities, objectives, organization, 

interactions, policies, and preferences; (2) physical factors to do with site conditions, 

building/facility, systems, space, functions, circulation, internal environment, useful 

life, and energy use; and (3) external factors, including legal restrictions, climate, time, 

and costs.  

To study these three groups of factors, a procedural model for this programming 

technique is developed, which consists of eight steps: establish project goals, organize 

programming effort, investigate issues, integrate data, interpret information, instruct 

designer and client, evaluate results, and recycle information (Palmer, 1981). An 

information matrix of program can be used as a checklist through the process and 

finally fulfilled. The framework of the matrix is shown in Figure 2.5. 

 Ascertainments Predications Recommendations 
Human factors    
Physical factors    
External factors    

Figure 2.5 Information matrix by Palmer 
(adapted from: Palmer, 1981) 
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Duerk (1993) creates a hierarchical framework (as illustrated in Figure 2.6) to manage 

the information in AP. There are four major steps in developing a program based on 

the framework: (1) create a mission statement, which is the conceptual foundation for 

a project, answering the question “why are we doing this project” and “what is the 

contribution that this project will make to the world”; (2) develop project goals, which 

are the objectives established to fulfill the mission of the project under programming; 

(3) design measurable performance requirements, which relate to the measurable level 

of functions that a designed facility must provide for goals to be met; and (4) develop 

conceptual relationships, which are the means to meet performance requirements. 

 
Figure 2.6 Branching diagram of architectural program 

(adopted from: Duerk, 1993) 

Kumlin (1995) proposes a concept framework in three terms: (1) design issues, the 

statements that contribute to the achievement of the project; (2) program objectives, 

the statements that define both qualitatively and quantitatively the result to be 

achieved by the design and construction under programming; and (3) program 

concepts, the perceived means to achieve program objectives. Information gathering is 
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conducted through workshops where a list of nineteen design issues paired with the 

most common recurring objectives and concepts can be referred to. 

Hershberger (1999) proposes an extendable information matrix (as shown in Figure 

2.7), which is constructed with eight fixed value issues: human, environmental, 

cultural, technological, temporal, economic, aesthetic, and safety. In this framework, 

four categories of information are expected to be collected. These are: goals, facts, 

needs, and ideas. 

Values Goals Facts Needs Ideas 
Human     
Environmental     
Cultural     
Technological     
Temporal     
Economic     
Safety     
Other?     

Figure 2.7 Information matrix by Hershberger 
(adopted from: Hershberger, 1999) 

2.2.4 Problems Encountered in Briefing 

Newman et al. (1981) conducted a national postal survey of the UK’s briefing practice 

and released a report in which they summarized the following six main problem areas: 

1) Client problems. The client is inexperienced in briefing, changes his mind, does 

not understand his requirements, has preconceived ideas, or does not properly 

understand drawings. 

2) Client/architect relationship problems. The client does not understand what the 

architect does, or his fee-scale. He appoints the architect too late. The architect 
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does not understand what the client does, or does not fully investigate or 

understand the client’s motives and requirements. 

3) Cost problems. Cost limits are unrealistic; the client wants more space than he can 

afford and does not understand costs. The architect finds it difficult to provide 

early estimates since the economic climate changes during briefing. 

4) Client organizational problems. No one person has responsibility for the project 

within the client organization. There is more than one client. There are disputes 

within the client organization and lack of contact with building users or tenants. 

5) Regulations/bureaucracy problems. Building regulations, planning procedures, or 

other bureaucratic requirements cause delays, or restrict design capabilities; these 

are unpredictable. The client does not understand these delays. 

6) Site/time problems. Incorrect or unobtainable site information. The site does not 

match client’s requirements. Lack of time for the architect to complete the work. 

Lack of time for the client to examine proposals. 

Kelly and Male (1991) identify the following five similar problem areas in the briefing 

process: 

1) Client’s experience with the building industry. Smaller, inexperienced clients often 

do not understand the structure of the building industry, nor do they have an 

appreciation of the technicalities of buildings. This frequently leads to the cost and 

site/time problems noted by Newman et al. (1981). 

2) Representation of client interest groups. This problem area is similar to the client 

organization problems noted by Newman et al. (1981). Many owner occupiers in 
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underestimating the importance of the briefing process appoint representatives of 

a relatively low status. Consequently, their ability to access information quickly 

and to make decisions is limited, and this can slow down the briefing process. For 

developers, in general the users cannot be directly represented in the decision 

making unit. 

3) Identification of client’s needs. Three difficulties undermine the identification of 

client’s needs: first is that the statement of a need tends to be influenced by the 

envisaged nature of the solution, and so brief writers can find themselves 

attempting to solve the wrong problem; second is that the competition for 

resources within the client organization, which tends to maximize their wish list; 

third is the changes, which may occur within the client organization during the 

briefing and design processes, and consequently a brief can only reflect the needs 

of the client at a particular point in time. 

4) Interpretation of client’s needs in building terms. The expression of a need can 

also be modified as possible design solutions are developed. Some user 

representatives are unable to conceptualize well enough to understand the 

implications of design decisions on their organizational functions or on the 

aesthetics of the building. Only upon seeing designs do they come to a fuller 

understanding of what is possible in construction. 

5) Provision of sufficient time for briefing. By the time most projects get as far as the 

briefing stage, the client group is anxious to proceed as quickly as possible. As a 

result, there is usually not enough time allocated to briefing. 
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These problems described above are supported by the more recent studies by Barrett 

and Stanley (1999), Kamara and Anumba (2001), and Shen and Chung (2006). Barrett 

and Stanley (1999) examine the solutions to the aforementioned problems and suggest 

three reasons why certain solutions are not effective. First, good practice 

recommendations have been followed which should, theoretically, lead to success, but, 

in practice, may not have led to a successful outcome because other external factors 

have not been considered. Second, good practice recommendations are paid lip service 

but are only partially implemented. Finally, good practice recommendations are not 

generally implemented. 

Further examination of the reasons for briefing failure shows that human nature is 

often at the root of these failures; the human dimension is critical and the impact of 

people’s thinking upon the briefing process needs to be considered in more detail 

(Barrett and Stanley, 1999). Failures may simply be the result of a lack of knowledge 

on the part of the brief-taker or a jumble of conflicting and confused aims among the 

stakeholders. Five major solutions are proposed and it is argued that action in these 

areas can significantly improve the efficiency of the briefing process. The five 

solutions are: empowering the client, managing the project dynamics, achieving 

appropriate user involvement, using understandable visualization techniques, and 

building appropriate teams. 

Blyth and Worthington (2001) believe that the underlying subtleties of briefing has 

moved a long way from the mechanistic, sequential approach of activity data sheets, 
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which isolated design thinking from user studies and brief making. They argue that 

effective decision-making processes are the backbone of an effective briefing strategy. 

A good briefing process is one that provides timely information to meet the needs of 

the business, the needs of design development and the needs of the construction 

contract. In order to achieve briefing success, there are six areas that are worth more 

concerns: defining the process, timely decision taking, understanding underlying 

agendas, planning for future change, clear and comprehensive communication, and 

feedback of experience. 

2.2.5 ICT Applications in Briefing 

Brandon (1990) outlines the production of an expert system to be used at the strategic 

briefing stage. The system is composed of four components: (1) financial budget 

component, which is designed to take the kind of information conveyed in a client brief 

and convert it into an assumed specification and quantity of building, and finally from 

this information determine the likely building cost; (2) procurement component, which 

in the light of client’s requirements (e.g., building quality, size, time) determines what 

would be a sensible contractual relationship between the various parties to the 

development process; (3) time component, which takes the rather scant information 

available at the brief stage and attempts to give guidance as to what is a reasonable 

period for completion of three phases: feasibility, design and procurement, and 

construction and commissioning; and (4) development appraisal component, which is 
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included in order to take the decisions made in other modules and bring them together 

to test profitability. 

Akin et al. (1995) develop SEED-Pro as an intelligent assistant providing a software 

environment to support the early phases in building design. SEED-Pro consists of four 

components: (1) specification component, which serves as the front end and provides 

the system with a record of categorized specifications including building, site, budget, 

implementation schedule, and client profile; (2) generation component, which is 

designed to generate functional units (e.g. apparatus room) corresponding to 

specification units (e.g. thermal specification, lighting specification, spatial 

specification) in conformance with related codes and standards; (3) evaluation 

component, which allows designers to check consistency between the generated 

functional units and the corresponding specification units; and (4) output component, 

which generates a functional unit hierarchy that forms the program along with other 

alternative hierarchies. This system is implemented based on the assumption that 

architectural programming is an integral part of design; it is a single user application. 

Kamara and Anumba (2001) developed ClientPro to facilitate the processing of 

client’s requirements in the form of a quality function deployment (house of quality). 

The system is implemented using a general-purpose database package (Microsoft 

Access for Windows) and consists of three modules: (1) requirements definition 

module, which includes various forms to input, edit and view the information: the 

project, the client, interest groups represented by the client, proposed use and users, 
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the functions and attributes of the facility, and information on the acquisition, 

operation, and disposal of the facility; (2) requirements analysis module, which 

enables the user to organize the defined requirements into three levels (i.e. primary, 

secondary, and tertiary) by asking the question why and how; (3) requirements 

translation module, which involves the generation of design attributes, determining 

target values, and associating tertiary requirements with design attribute in a matrix. 

This tool is designed for individual users too. 

There are other existing tools developed for briefing, such as BriefMaker (Hansen, 

1996) and AutoBrief (Yusuf, 1997), which are held to be computerized systems of 

existing practices (Kamara and Anumba, 2001). 

2.3 A Review of VM 

2.3.1 Evolution of VM 

Kelly (2005) divides the development of VM into three phases: from 1947 to 1972, 

from 1972 to 1989, and from 1989 to the present. The first phase involved its 

development within manufacturing, initially within the US but expanding during the 

1960’s to become adopted internationally. Due to a shortage of strategic materials 

during World War II, Lawrence D. Miles in 1947 completed the development of a 

systematic functional approach to achieve equal or better performance at lower cost.  

This approach was labeled value analysis (VA). In 1954 the term “value engineering 

(VE)” was first used by the US Department of Defense’s Bureau of Ships to 
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implement a formal program of value analysis. In 1959 the Society of American Value 

Engineering was established and, from that time, VE came into common use as the 

preferred term in North America. 

During the second phase, VE had become the preferred term and spread to the 

construction industry. The first reference to its use in construction (Dell’Isla, 1974) 

was the US Department of Defense, Navy Facilities Engineering Command in 1963. 

The publication by the Australian Department of Defense of manual DRB 37 Value 

Analysis (1983) illustrated the worldwide dissemination of it. In 1972 the UK Value 

Engineering Association became the Institute of Value Management. The report by 

Kelly and Male (1988) made a recommendation that the term VM should be used in 

preference to VE. 

During the third phase, interest in VM grew within the construction industry. Norton 

and McElligott (1995) contend that VM is the title given to the full range of value 

techniques available. It is a general, holistic title and does not refer to a particular 

project stage at which value techniques may be applied. According to them, value 

planning (VP) is the title given to value techniques applied during the planning phase 

of a project, VE to those applied in the design and engineering phases, and VA to 

those applied retrospectively to completed projects to analyze or audit the project’s 

performance. In 1995 the Hong Kong Institute of Value Management was established 

and in 1998 the Works Bureau Technical Circular 16/98, Planning Environment and 



Chapter 2 Briefing and VM: A Review of Problem Space 

31 

Land Bureau Technical Circular 9/98 “Implementation of Value Management” was 

released calling for VM studies in all major projects in the public works program. 

2.3.2 Definitions of VM 

In light of the evolution of VM, it is obvious that VM could be defined by various 

practitioners: 

1) “A service which maximizes the functional value of a project by managing its 

evolution and development from concept to completion, through the comparison 

and audit of all decisions against a value system determined by the client or 

customer” (Kelly and Male, 1993). 

2) “An organized function-oriented systematic team approach directed at analyzing 

the functions and costs of a system, supply, equipment, service or facility, for the 

purpose of enhancing its value, through achieving the required functions specified 

by the clients at the lowest possible overall cost, consistent with requirements for 

performance” (Shen, 1993). 

3) “A structured and analytical process which seeks to achieve value for money by 

providing all the necessary functions at the lowest cost consistent with required 

levels of quality and performance” (AS/NZS 4183, 1994). 

4) “A systematic, multi-disciplinary effort directed toward analyzing the functions of 

projects for the purpose of achieving the best value at the lowest overall life cycle 

project cost” (Norton and McElligott, 1995). 
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The definitions cited here and used within the value engineering and VE/VM texts are 

sufficiently consistent to allow the isolation of three features: systematic process, 

functional approach, and multi-discipline teamwork. Thereupon, VM will be reviewed 

from these three perspectives. 

2.3.3 Systematic Process 

In VM, the systematic process is known as the job plan, which has a definite beginning 

and a definite end (Norton and McElligott, 1995). Two commonly-used job plans are 

Charette and SAVE 40-hour job plan (Kelly and Male, 1993). The Charette job plan 

seeks to rationalize client’s brief through the identification of the functions of key 

elements and spaces. These functions are identified and analyzed at a meeting 

involving the client’s staff and the design team. It is expected to ensure that the latter 

fully understand the requirements of the former. The job plan is organized along 

traditional job plan lines with two key stages. The first stage is to gather information 

regarding the function of the spaces and the performance criteria. The next stage is to 

creatively generate ideas concerning arrangement, adjacency, timetabling, etc. This job 

plan is seen as inexpensive because it takes less than 2 days compared with the 5 days 

required by the SAVE 40-hour job plan; it is the best way of briefing the whole team 

at the most cost-consequent stage, and transcends organizational, political and 

professional boundaries (Kelly and Male, 1993).  

The SAVE 40-hour job plan consists of three stages (SAVE International, 2007): pre 

workshop, workshop, and post workshop, as illustrated in Figure 2.8. The workshop is 
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further composed of the following six phases: 

1) Information phase. The team reviews and defines the current conditions of the 

project and identifies the goals of the study. 

2) Function analysis phase. The team defines the project functions using two words 

(active verb + measurable noun context). The team reviews and analyzes these 

functions to determine which need improvement, elimination, or creation to meet 

the project’s goals. 

3) Creative phase. The team employs creative techniques to identify other ways to 

perform the project’s function(s). 

4) Evaluation phase. The team follows a structured evaluation process to select those 

ideas that offer the potential for value improvement while delivering the project’s 

function(s) and considering performance requirements and resource limits. 

5) Development phase. The team develops the selected ideas into alternatives (or 

proposals) with a sufficient level of documentation to allow decision makers to 

determine if the alternative should be implemented. 

6) Presentation phase. The team leader develops a report and/or presentation that 

documents and conveys the adequacy of the alternative(s) developed by the team 

and the associated value improvement opportunity. 
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Figure 2.8 Value study process flow diagram 

(adopted from: SAVE International, 2007) 

However, the SAVE 40-hour job plan is criticized as having a number of drawbacks 

when used in construction projects (Bowen, 1984): 

1) It is difficult to assemble the key project participants for such a concentrated 

period and retain their undivided attention. 

2) Since much of the session must be devoted to educating participants who rarely 

familiar with the tasks, it is rather difficult to bring these tasks to bear on the 

problem at hand. 

3) The evaluation and development are particularly difficult to complete effectively 

in such a short time, because many ideas proposed in the speculative phase often 

require intensive design and engineering analysis particularly where these involve 

long-term life cycle cost trade-offs. 

4) The VM effort is often isolated from project cost management and it is not 

unusual for a successful VM workshop to be followed by a situation where overall 
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cost exceeds budget because of this separation. 

2.3.4 Functional Approach 

The functional approach distinguishes VM from other cost reduction activities (Norton 

and McElligott, 1995). In the VM community, a function is a characteristic activity or 

action, for which a thing is specifically fitted or used or for which something exists 

(Kelly et al., 2004). A function is expressed by a verb and a noun. The verb answers 

the question, “what is it to do?” and the noun answer the question “what does it do it 

to?” respectively. It forces a broader and more comprehensive understanding of the 

project by stimulating intense discussion and by compelling team members to view 

aspects they might not normally have considered (Norton and McElligott, 1995).  

The widely-accepted function taxonomy categorizes functions into basic and 

secondary (Miles, 1962, 1989; Mudge, 1971; Snodgrass, 1982; Kelly and Male, 1991; 

Norton and McElligott, 1995; Kaufman, 2001; Bytheway, 2007; SAVE International, 

2007). A basic function is the primary purpose(s) for which the item or service is 

designed when it is operating in its normally prescribed manner. Once defined, a basic 

function cannot change and the loss of the basic function causes the loss of the value 

of the product. This function must be accomplished to meet the purpose of the product, 

structure or service. A secondary function is a function that supports the basic function 

and results from the specific design approach to achieve the basic function. The 

distinction between basic and secondary functions is vital to the success of identifying 

client’s requirements. 
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Norton and McElligott (1995) believe that while it can be difficult and time consuming, 

the function classification forces team members to have a deep understanding of the 

project and its constituent parts. It also eliminates the possibility that the proposed 

project design is contrary to the client’s requirements. However, different perspectives 

are drawn out when deciding whether a function is basic or secondary. One team 

member may believe a function is basic, while another believes it to be secondary. 

This classification process is difficult and is often very subjective. 

FAST. To address the difficulty of getting agreement on the basic function of an 

assembly or component, Charles Bytheway developed a concept and named it FAST 

(Function Analysis System Technique). He presented his concept at the 1965 Society 

of American Value Engineering Conference in Boston and received the highest award 

given by SAVE International, the Larry D. Miles award (Snodgrass, 1982).  

FAST is an evolution of the function analysis process, which enables people with 

different technical backgrounds to effectively communicate and resolve issues that 

require multi-disciplined considerations. The FAST diagram, as the result of the 

process, builds an excellent communications vehicle. The verb-noun rule used in 

function analysis creates a common language, crossing all disciplines and technologies. 

It allows multi-disciplined team members to contribute equally and communicate with 

one another while addressing the problem objectively without bias or preconceived 

conclusions. The FAST diagram has a horizontal directional orientation described as 

the HOW-WHY logic. This logic is constructed in this manner because HOW and 



Chapter 2 Briefing and VM: A Review of Problem Space 

37 

WHY questions are asked to structure the logic of the system’s functions. Starting 

with a function, we ask HOW that function is performed to develop a more specific 

approach. This line of questioning and thinking is read from left to right. To take the 

problem to a higher level, we ask WHY that function is performed. This line of logic 

is read from right to left. 

There are two kinds of widely-used FAST diagrams: technical and task (Snodgrass, 

1982). The technical FAST diagram represents a specific situation usually limited in 

size. The situation or project could be an assembly or a portion of a construction 

design. The technical FAST is excellent for procedural applications or manufacturing 

processes. Usually, specific requirements or specifications are present which must be 

satisfied. By virtue of its name, the technical FAST tends to use terms or functions 

oriented to technical activities. A typical technical FAST diagram is shown in Figure 

2.9.  

 
Figure 2.9 Technical FAST diagram 

(adopted from: Snodgrass, 1982) 



Chapter 2 Briefing and VM: A Review of Problem Space 

38 

The task FAST diagram emphasizes the fact that success cannot be achieved unless 

users/owners’ needs and desires are recognized, understood and fulfilled. The task 

FAST mandates that the user or customer play a key role in establishing value. 

Technical FAST almost always represents a portion of a total subject, such as a 

product, process, etc. It usually has one basic function that then is expanded into the 

unique critical path. The task FAST diagram, on the other hand, looks at a total 

product, service, etc., and a number of interdependent basic functions may be 

developed. The Task FAST diagram is also referred to as client/client-oriented FAST, 

customer/customer-oriented FAST, or user-oriented FAST. A typical task FAST 

diagram is shown in Figure 2.10. Task FAST is the technique used in this research 

with respect to the tasks of construction briefing. 

A typical procedure of function analysis is defining functions, classifying functions, 

and finally establishing function relationship to construct a FAST diagram (Snodgrass, 

1982; Norton and McElligott, 1995; Kaufman, 2001; Kelly et al., 2004; SAVE 

International, 2007). The inventor of FAST, Charles Bytheway (2007) proposes a new 

procedure to develop task FAST diagrams, different from the typical one. According 

to Bytheway (2007), the FAST is designed to stimulate thinking, communication, and 

creativity and enhances understanding by organizing the function into a cause and 

effect relationship. The key difference between the two distinct development 

procedures is that the typical one treats function definition and function relationship 

development as two independent steps; however Bytheway’s procedure views them as 
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two interdependent steps, where function definition and function relationship 

development are conducted in an interweaving manner. 

 
Figure 2.10 Task FAST diagram 
(adopted from: Snodgrass, 1982) 

FPS. To establish a constructive dialogue between the party demanding a service and 

the party supplying it, Janin (1989) developed a technique and named it FS (Function 

Specifications) which initiates a process that ideally attain the most adequate 

conception and development of a system to match the user’s needs in terms of 

quality/cost/time ratios.  
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FS helps to think ahead in strategic terms, to transmit these terms clearly on paper for 

the designers, and therefore to reach the optimum product definition for a given 

market. The essence of FS is to model the needs of a system (industrial product, 

computer software, information network, etc.) in functional terms, not in technical 

means to be used. This leaves the largest amount of freedom to the designer searching 

for original and efficient solutions in terms of quality/cost ratio that will ultimately 

optimize the position of the system in the market. 

In 1995 the term “function performance specification” was firstly adopted and 

formally introduced by the Commission of the European Communities DG XIII, 

Telecommunication, Information Market and Exploitation of Research in Value 

Management Handbook EUR-16096 (European Commission Publication, 1994). 

According to the report, the recommended FPS usage is within material products, 

systems, computer software, industry processes, administrative procedures, problems 

of organizations, the performance of a service, etc. 

In 2000 FPS was incorporated into the British Standard – BE EN 12973:2000, Value 

Management (BSI, 2000), in which the functional expression of needs is the result of a 

thorough functional analysis and constitutes the primary part of FPS. In addition, 

functional performance is defined and composed of three elements: (1) criteria to 

evaluate and measure whether a function is accomplished, (2) levels of each 

function-criterion that are acceptable to satisfy the needs and (3) flexibility to each 
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criterion in order to investigate its negotiability. Figure 2.11 illustrates the model of 

FPS.  

 
Figure 2.11 Structure of FPS Model 

The applications of FPS can be found in the realms of software engineering (e.g. 

Meyers and Weiderman, 1988; Masson, 2001; Beal and Holmes, 2006; Fletcher and 

Parrot, 2006) and in the manufacturing industry (e.g. Janin, 1989; St-Laurent and 

Nguyen, 1998; Australia Department of Defense, 2006). Shen et al. (2004b) 

introduced FPS to the construction industry and developed a structured framework for 

identifying and representing client’s requirements in briefing; more information of the 

framework could be found in Section 2.3.6. 

2.3.5 Multi-discipline Teamwork 

A VM study is a multi-disciplinary effort, which involves bringing together a group of 

individuals as a team who collectively are able to authoritatively analyze all aspects of 

the project under study (Norton and McElligott, 1995). Facilitation is a fundamental 
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critical success factor in the application of VM (Male et al., 1998), which is 

implemented by a VM team facilitator. The facilitator leads the team through the VM 

job plan and each member of the team is encouraged to participate in discussions, not 

just in their own areas of expertise, but in every area being studied. Thus, some of the 

best ideas for project improvements or for cost reductions frequently come from an 

individual who is not an expert in the discipline to which the idea relates. Workshops 

are the primary pattern for the multi-discipline teamwork. 

2.3.6 VM for Briefing 

Norton and McElligott (1995) state that the basic reason for using VM in construction 

is that there are almost always elements involved in a project which contribute to poor 

value. They identify the following factors contributing to poor value: not enough time 

to do the job, habitual thinking, poor communications, lack of coordination between 

the designer and operations personnel, outdated standards or specifications, absence of 

state of the art technology, honest false beliefs, prejudicial thinking, lack of required 

experts, unnecessarily restrictive design criteria, scope of changes for missing items, 

and lack of required essential information. 

Green (1992) developed a SMART VM methodology for briefing. The abbreviation 

“SMART” stands for simple multi-attribute rating technique, which was established by 

Edwards (1977) to provide help for decision makers whilst avoiding complicated 

mathematical formulations. Two one-day VM workshops are recommended in the job 

plan. The primary objective of the first only-day workshop, which is held during the 
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briefing stage, is to ensure that the project objectives are clearly defined and 

understood by all parties. This workshop is also expected to ensure that the need to 

build is not taken for granted. The second VM study is conducted at the end of the 

outline design stage when the client normally chooses between a range of outline 

design options. 

Kelly (2005) developed a client value system consisting of nine discrete entities for 

strategic briefing and links them to a model which is suitable for use within VM 

workshops. A set of criteria in the form of continuums are developed to ensure a 

measurement assessment of client satisfaction: 

1) Capital cost: the budget not being exceeded -> there is complete flexibility in 

budgeting; 

2) Operating cost: a controlled absolute minimum -> there is flexibility in operating 

cost; 

3) Time (from the present until the project is absorbed back into the client’s core 

business): time is of the essence (time is worthless) -> time is at large (within a 

reasonable time is enough); 

4) Politics (the extent to which community popularity and good neighbor issues): be 

popular with the local community or electorate -> no concerns towards our 

neighbor; 

5) Environment (measured by its local and global impact, its embodied energy, the 

energy consumed through use, and other “green” issues): maximum observance of 

Kyoto and Agenda 21 issues -> indiscriminate sourcing policies and solving every 
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problem by adding more power; 

6) Exchange or resale (the monetary value of the project): maximum return -> return 

is of no consequence; 

7) Flexibility (to which project parameters have to reflect a continually changing 

environment in the design; associated with changing technology or organizational 

process or both): highly flexible to accommodate changing functions to change, to 

any extent -> no accommodation of any change; 

8) Esteem (committed resource for an aesthetic statement or portray the esteem of 

the organization, internally and externally): need to attract the admiration of the 

world -> esteem is of no significance; 

9) Comfort (physical and psychological comfort of the building as place for working 

and living): the support of the business in purely utilitarian terms -> the highest 

degree of opulence. 

As aforementioned, Shen et al. (2004b) introduced FPS to the construction industry 

and developed a structured framework for identifying and representing client’s 

requirements in briefing. The framework involves a structured job plan consisting of 

four interrelated phases: preparation, information, analysis and evaluation, and a 

hierarchical requirement representation model derived from FPS. Through interviews 

and focus group meetings, the framework was confirmed to have the following 

benefits: 

1) Providing a structured framework to investigate client’s requirements, through 

expressing the needs of clients in functional terms, without reference to the 
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technical solutions and thus with minimum constraints on technical creativity; 

2) Crystallizing the client’s requirements through the HOW–WHY logic; 

3) Establishing a standard to facilitate the assessment of project program, 

examination and comparison of design proposals, particularly if functional 

performance is identified; and 

4) Allowing an appreciation of the problem from a broad perspective by bringing the 

expertise of all major stakeholders into the programming process and thus creating 

a better understanding of the project. 

Luo and Shen (2008) developed a prototype system named as “FPS Genius” to further 

validate the framework proposed by Shen et al. (2004b). The system is implemented 

for individual users in Windows XP. The trial of the system confirmed the benefits of 

applying the framework described above. However at the same time, it is noted that 

defining enough functions to represent their requirements and adequate functional 

performance to evaluate the functions in a limited duration of the function analysis 

phase are a big challenge. This finding is in line with the identified problem that the 

inexperienced client does not fully understand briefing and does not know how to 

represent his requirements clearly. 

2.3.7 ICT Applications in VM 

ICT have been widely used to support VM studies; extensive research into applying 

ICT to VM has been done by a number of researchers. Meng (1996) reported a method 

of using a Microsoft Excel spreadsheet to quickly assess the life cycle cost 
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implications of various component alternatives in VM studies. With the project life 

cycle cost summary spreadsheet, a quantified comparison can be made either against 

the current design approach or against the total ownership costs. 

Otero (1997) developed two toolkits for VM studies that aims to eliminate errors 

caused by repeated manual tasks (e.g., summing scores in paired comparisons and 

product performance profiles) and hence to improve VM efficiency. The first toolkit 

consisted of several interrelated charts in a Microsoft Excel application. The second 

was developed to facilitate the use of FAST through a pair of files: a seed file and a 

palette file. The seed file contained the basic format including a few imported graphics. 

The palette file contained the basic flowchart shapes adapted to the unique features of 

a FAST diagram. It was shown that the application of computerized charts can 

enhance the flow of VM events in terms of speed and accuracy, allow for interactive 

input via laptop PC or projection TV viewing, facilitate presentation by using the print 

feature, and serve as an electronic archive of events. 

Waterhouse (1998) reported using a computer at function analysis stage. The 

implementation was through a laptop computer, Microsoft Excel spreadsheet, and data 

projector and screen. The report demonstrated that the application of computer 

techniques in VM could improve efficiency of VM exercises and were of considerable 

assistance by providing more focused input from participants. 

Harris et al. (1998) reported the application of TechOptimizer to VM studies. 

TechOptimizer was designed partially based on the theory of Inventive Problem 
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Solving (Russian acronym TRIZ) for individual use by engineers and as an interactive 

team tool for system engineering. The use of TechOptimizer proved to be able to 

accelerate commercial and technical advancement by shortening the discovery and 

evaluation processes. 

Alcantara et al. (1998) developed CREW (Constructability Review and Evaluation for 

Workgroups), a proof-of-concept computer program to present the capabilities of an 

academic research computer tool to support the VM evaluation process. The CREW 

program was developed on the SGI platform using the IRIX operating system and an 

add-on module to Jacobus Technology’s PlantSpace Vista application. CREW consists 

of four managers and each of them handles a specific non-graphical data type 

embedded in CREW: (1) user manager allows the administrator to manage users; (2) 

task manager allows the users to define tasks; (3) alternative manager allows the users 

to manage the optional solutions for a particular VM task; and (4) criteria manager 

allows the users to handle sets of criteria used for evaluating the speculated VM 

alternatives and define the relative importance of the various criteria with respect to a 

specific task. 

Hyun and Kim (2002) reported a web-based database system to manage the VM 

proposals and related information (e.g., FAST diagrams) of the pubic construction 

projects in Korea. The system enabled the project stakeholders to manage and share 

the knowledge accumulated in previous VM studies. 
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From 2002, a series of research (Shen and Chung, 2002; Shen et al., 2004b; Fan and 

Shen, 2006; Fan et al., 2006; Fan et al., 2007; Fan et al. 2008) into using group 

decision support systems (GDSS) to aid VM workshops has been carried out. They 

will be detailed in section 3.2.6. 

2.4 Summary 

From the above review of briefing literature, the following agreements can be 

achieved: 

1) Briefing/AP is critical to the client’s organization whether the client be an owner 

occupier or a developer because the client’s requirements for the envisaged 

facility are elicited, clarified, represented in a brief/program, and then used in the 

whole life cycle of the building (e.g., design orientation, construction direction 

and post-occupation evaluation). 

2) Briefing/AP should be treated as an evolutionary process which interweaves with 

design process, not as an independent event. As the process progresses (i.e., from 

strategic briefing to project briefing, or from schematic program to program 

development), client’s requirements are represented at more and more accurate 

levels (i.e., concept, spaces, elements and components). 

3) As Cherry (1999) notes, “there are almost as many architectural programming 

methods in use today as there are groups offering architectural programming 

services”. Different people have different views regarding briefing approaches, 

which can be classified into “structured” and “unstructured” in terms of their 
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procedures. In the UK unstructured methods are more commonly used whilst in 

the US more structured approaches prevail. Rittel and Webber’s theory of the 

“wicked problem” (1973) and Simon’s theory of the “ill-structured” problem 

(1973) offer helpful insight into this chaos; briefing is characterized as having no 

definitive, or compulsory, formulation. 

4) Whether “structured” or “unstructured” methods are implemented, the briefing 

practice is still considered problematic. The problems of briefing are often closely 

related to the experience that the client has in the building industry. Limited 

understanding of the structure of the building industry, lack of appreciation of the 

technicalities of buildings, and inadequate representation of interest groups are 

examples of client-related problems in briefing. These issues often lead to 

difficulties in interpreting the client’s requirements in building terms as well as 

time and finance constraints imposed on the briefing process.  

5) ICT applications (including expert systems and computer-aided toolkits) 

developed for briefing illustrate that ICT is a potential resource to build effective 

approaches to addressing part of the briefing problems in light of fast computing 

capacity, mass storage, and instant communication. However, it is necessary to 

note that the problems encountered in briefing are so complicated that they cannot 

be addressed with any individual technique or method by a group of people at one 

stroke. 

The literature review of VM has confirmed that VM has three key features:  

1) A systematic process. This process involves a structured job plan that has a 
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definite beginning and a definite end, with continuous phases separated by clear 

task objective milestones. In this respect it differs from simple cost reduction 

exercises, which are normally informal and unstructured. However, the problems 

identified in briefing (e.g., inexperience of the client and lack of time for briefing), 

and the criticisms of the job plans (e.g., inability to retain participants’ undivided 

attention for a long period, and participants being unfamiliar with the tasks of the 

job plan) deserve serious treatment. 

2) A functional approach. It enables the client to represent his requirements of a 

facility with functions in the form of a verb and a noun. There are two important 

techniques related to the function analysis process: FAST and FPS. FAST provides 

an effective approach to reaching agreements on the basic function of an assembly 

or component. FAST also allows people with different technical backgrounds to 

effectively communicate and resolve issues that require multi-disciplined 

considerations through creating FAST diagrams with the HOW-WHY logic. FPS 

is developed to establish a constructive dialogue between the party demanding a 

service and the party supplying it through defining client’s requirements with 

functions and functional performance. FAST is an effective method of conducting 

function analysis and FPS offers a structured framework to record the client’s 

requirements with a hierarchical structure and to evaluate the design solutions 

against functional performance. 

3) A multi-discipline teamwork. The aim of VM study is to bring together a group of 

individuals from multiple disciplines. While each individual, on his or her own, 
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would not be able to properly develop the idea because of his lack of expertise in 

other disciplines, the formation of a multi-discipline team addresses this problem. 

Furthermore, a team member can be enlightened with the information from other 

team members who can provide a unique viewpoint on a certain topic. 

VM’s purpose is to defining what value means to a client within a particular context 

by bringing the project stakeholders together and producing a clear statement of the 

project’s objectives. Value for money can then be achieved by ensuring that design 

solutions evolve in accordance with the agreed objectives. In essence, VM is 

concerned with the “what”, rather than the “how” (Green, 1995). The applications of 

VM in briefing illustrate that VM is appropriate for briefing in regards of (1) providing 

a structured framework to investigate client’s requirements, (2) crystallizing the 

client’s requirements through the HOW–WHY logic, (3) establishing a standard to 

facilitate the assessment of project program, examination and comparison of design 

proposals, and (4) allowing an appreciation of the problem from a broad perspective. 

Previous applications of ICT in VM illustrate that the ICT has potential to enhance the 

performance of the traditional VM studies. 
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Chapter 3 EMS and CBR: A Review of Solution Space 

3.1 Introduction 

In order to have a comprehensive view of the solution space, this chapter presents a 

review of the literature on EMS and CBR. In the field of EMS, its relevant 

terminology, taxonomies, basic components, contributing mechanisms to process gains 

and losses are investigated. As for CBR, its evolution, process models, basis design 

issues (i.e., case representation, indexing, retrieval, reuse, revision, and retention), and 

applicability are thoroughly reviewed. 

3.2 A Review of EMS 

3.2.1 Terminology of EMS 

In the 1970s with the development of computer and information technologies, decision 

support systems (DSS) gained significant attention. DSS were originally defined by 

Gerrity (1971) as “an effective blend of human intelligence, information technology 

and software which interact closely to solve complex problems”. Theoretically, DSS 

can benefit individuals and groups in decision making processes. In practice, however 

most DSS were designed for use by single decision makers. To incorporate the 

benefits of DSS and support the increasingly complex decision making activities of 

groups, GDSS came into being. 
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According to DeSanctis and Gallupe (1985), “a GDSS is an interactive 

computer-based system which facilitates solution of unstructured problems by a set of 

decision makers working together as a group. Components of a GDSS include 

hardware, software, people and procedures.” Another closely related concept to GDSS 

is computer supported cooperative work (CSCW). Dennis et al. (1988) noted that 

GDSS are more task-oriented in that they provide a means for a group to work on and 

complete a specific task such as reaching a decision, planning, or solving problems; on 

the other hand, CSCW studies are more communication-oriented in that they provide 

a means for small groups to communicate more efficiently. 

Since these distinctions between these two types of systems are somewhat blurred, 

Dennis et al. (1988) then proposed “electronic meeting systems” (EMS) to focus on 

the common area between GDSS and CSCW. They define an EMS as “an information 

technology-based environment that supports group meetings, which may be distributed 

geographically and temporally. The ICT environment includes, but is not limited to, 

distributed facilities, computer hardware and software, audio and video technology, 

procedures, methodologies, facilitation, and applicable group data. Group tasks 

include, but are not limited to, communication, planning, idea generation, problem 

solving, issue discussion, negotiation, conflict resolution, systems analysis and design, 

and collaborative group activities such as document preparation and sharing”. In this 

research, the definition of EMS by Dennis et al. is used. 
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The literature review highlights that the academic work on GDSS was largely led by 

the University of Minnesota (the SAMM System) and the University of Arizona 

(PLEXSYS, later renamed GroupSystems) in the 1980s and 1990s. The following 

contents are summarized primarily from their research studies. 

3.2.2 Taxonomies of EMS 

DeSanctis and Gallupe (1985) identified four scenarios that relate to the duration of 

the decision-making session and the degree of physical proximity of group members 

(see Figure 3.1).  

1) Scenario 1: decision room. It may be seen as the electronic equivalent to the 

traditional meeting, in which each participant is seated around a horseshoe-shaped 

desk facing a large screen. 

2) Scenario 2: local decision network. Rather than establishing a permanent decision 

room for group meetings, a local decision network could be developed to support 

group members as they work in their individual offices to deal with certain 

problems on a regular basis. 

3) Scenario 3: teleconferencing. In this situation two or more decision rooms are 

connected together by visual and/or communication facilities. Thus groups whose 

members are geographically dispersed can meet together temporally. 

4) Scenario 4: remote decision making. Here there is uninterrupted communication 

between remote decision stations in a geographically dispersed organization which 

has a fixed group of people who must regularly make joint decisions. 
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Figure 3.1 A taxonomy based on duration of session and proximity of group members 

(adapted from: DeSanctis and Gallupe, 1985) 

GDSS can also be categorized into the following four types, based on the differences 

in group size and dispersion of group members (DeSanctis and Gallupe, 1988): 

decision room (smaller group, face-to-face meeting), legislative session (large group, 

face-to-face meeting), local area network (small group, dispersed), and 

computer-mediated conference (large group, dispersed). This is illustrated in Figure 

3.2. 

 
Figure 3.2 A taxonomy based on group size and proximity of group members 

(adopted from: DeSanctis and Gallupe, 1988) 

Dennis et al. (1988) developed a taxonomy of EMS environments based on three 

dimensions: group size, group proximity, and timing of meeting. 

1) Group size is a relative concept. Most researchers would probably agree that a 
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group of three or four members is small, while a group of 20 or more is large.  

2) Group proximity refers to one virtual group in the sense that all participants 

address the same task. There are three levels of group proximity: multi individual 

sites (i.e., the individual members of the group are physically dispersed, working 

in their individual offices), one group site (i.e., all members of the group are 

physically together in one room), and multiple group sites (i.e., members of the 

group meet in separate locations in subgroups, and the subgroups are 

interconnected via EMS). 

3) Timing is used to define the continuity of the meeting. People may meet 

synchronously (i.e., at the same time) or asynchronously (i.e., at a different time). 

Figure 3.3 illustrates the taxonomy of the EMS, which includes six basic EMS 

environments: local area decision net, decision room, EMS teleconference, computer 

conference, legislative session, and EMS teleconference/broadcast. 

 
Figure 3.3 A taxonomy based on group size, group proximity and timing of dispersion 

(adopted from: Dennis et al., 1988) 
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DeSanctis and Gallupe (1988) identify three levels of GDSS from the 

information-exchange perspective:  

1) Level 1 GDSS provide technical features aimed at removing common 

communication barriers, such as large screens for instantaneous display of ideas, 

voting solicitation and compilation, anonymous input of ideas and preferences, 

and electronic message exchange between members. 

2) Level 2 GDSS provide decision modelling and group decision techniques aimed at 

reducing uncertainty and noise that occur in the group’s decision making process. 

Automated planning tools, modelling tools to support qualitative analysis (e.g., 

social judgement formation, risk analysis, and multi-attribute utility methods), and 

group structuring techniques (e.g., Delphi method and Nominal Group Technique) 

might also be incorporated. 

3) Level 3 GDSS are characterized by machine-induced group communication 

patterns and can include expert advice in the selecting and arranging of rules to be 

applied during a meeting (e.g., rule-based discussion emphasizing thorough 

explanation of logic, rule-based discussion emphasizing equal time to present 

option, and automatic mediation). 

3.2.3 Basic Components of EMS 

DeSanctis and Gallupe (1985) proposed a typical GDSS model, in which a group of 

decision makers has access to a data base, a model base, and GDSS applications 

software during the course of a decision-related meeting. Other elements included at 
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least one computer processor, one input/output device, one viewing screen, and a 

facilitator coordinating the group’s use of the technology. They noted that a GDSS 

should consist of four basic components:  

1) Hardware. The minimum hardware requirements of the system include: an 

input/output device, a processor, a communication line between the I/O device and 

the processor and either a common viewing screen or individual monitors for use 

in displaying information to the group. 

2) Software. The software component includes a database, a model base, and 

specialized application programs to be used by the group. 

3) People. This component is composed of the group of members and a group 

facilitator who is responsible for the smooth operation of the GDSS technology 

when it is in use and leading the group through the meeting. 

4) Procedures. The final component consists of procedures which enable ease of 

operation and effective use of the technology by group members. These 

procedures either apply to the operations of the hardware and software or extend 

to include rules regarding verbal discussion among members and the flow of 

events during a group meeting. 

3.2.4 Process Gains and Losses 

As proposed by DeSanctis and Gallupe (1985), a GDSS usually consists of four basic 

components: hardware, software, people, and procedures. The effects of using an EMS 

are contingent on a myriad of group, task, context, and technology factors that differ 
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from situation to situation (Dennis et al., 1988; Nunamaker et al., 1991a). Figure 3.4 

shows the research model they proposed and employed. There are six basic sets of 

variables in this model: (1) group characteristics, including group size, group 

proximity, and group cohesiveness; (2) task characteristics, including the activities 

required to accomplish the task (e.g., idea generation, decision choice), and task 

complexity; (3) context characteristics, including organizational culture, time pressure, 

evaluative tone (e.g., critical or supportive), and reward structure (none versus 

individual versus group); (4) the presence or absence of an EMS, plus the specific 

characteristics of EMS design will have an impact on the group process and outcome; 

(5) the nature of the group process, including the presence or absence of a formal or 

informal group leader, the use of anonymity, the degree of structure in the group 

process, equality of participation, and level of conflict; and (6) meeting outcomes, 

including the outcome quality, participant satisfaction with the outcomes, process time 

required, level of group consensus, and the number of alternatives or issues addressed.  

 
Figure 3.4 A research model of EMS  

(adapted from: Dennis et al., 1988) 
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Certain aspects of the meeting process improve outcomes (process gains) while others 

impair outcomes (process losses) (Nunamaker et al., 1991a). Tables 3.1 and 3.2 

summarize the common process gains and losses. 

Table 3.1 Common process gains 
(adopted from: Nunamaker et al., 1991a) 
Gain Specification 
More information A group as a whole has more information than any one member. 
Synergy A member uses information in a way that the original holder did not, 

because that member has different information or skills. 
More objective evaluation Groups are better at catching errors than the individual who proposed 

ideas is. 
Stimulation Working as part of a group may stimulate and encourage individuals 

to perform better. 
Learning Members may learn from and imitate more skilled members to 

improve performance. 
 
Table 3.2 Common process losses 
(adopted from: Nunamaker et al., 1991a) 
Loss Specification 
Air time fragmentation The group must partition available speaking time among members. 
Attenuation blocking This (and concentration blocking and attention blocking below) are 

sub-elements of “production blocking.” Attenuation blocking occurs 
when members who are prevented from contributing comments as 
they occur, forget or suppress them later in the meeting because they 
seem less original, relevant or important. 

Concentration blocking Fewer comments are made because members concentrate on 
remembering comments (rather than thinking of new ones) until they 
can contribute them. 

Attention blocking New ideas are not generated because members must constantly listen 
to others speak and cannot pause to think. 

Failure to remember Members lack focus on communication, missing or forgetting the 
contributions of others. 

Conformance pressure Members are reluctant to criticize the comments of others due to 
politeness or fear of reprisals. 

Evaluation apprehension Fear of negative evaluation causes members to withhold ideas and 
comments. 

Free riding Members rely on others to accomplish goals, due to cognitive 
loafing, the need to compete for air time, or because they perceive 
their input to be unneeded. 

Cognitive inertia Discussion moves along one train of thought without deviating 
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because group members refrain from contributing comments that are 
not directly related to the current discussion. 

Socializing Non-task discussion reduces task performance, although some 
socializing is usually necessary for effective functioning. 

Domination Some group member(s) exercise under influence or monopolize the 
group’s time in an unproductive manner. 

Information overload Information is presented faster than it can be processed. 
Coordination problems Difficulty in integrating members’ contributions because the group 

does not have an appropriate strategy, which can lead to 
dysfunctional cycling or incomplete discussions resulting in 
premature decisions. 

Incomplete use of 
information 

Incomplete access to and use of information necessary for successful 
task completion. 

Incomplete task analysis Incomplete analysis and understanding of tasks resulting in 
superficial discussions. 

3.2.5 Contributing Mechanisms 

Meeting outcomes are contingent on the balance of the process gains and losses. 

Nunamaker et al. (1991a) identify at least four theoretical mechanisms by which the 

EMS can affect this balance of gains and losses: process structure, process support, 

task structure, and task support (as summarized in Figure 3.5). 

Process structure. There are two classes of process structure, separated in terms of 

their scopes: global and local. A global process structure may be an agenda developed 

and followed to go through the whole process that will therefore reduce process losses 

caused by coordination problems. A local process structure may be a strategy that 

determines who will talk next or that automates a formal methodology such as the 

nominal group technique. 

Process support. It consists of a minimum of three basic techniques that support the 

meeting process: parallel communication, group memory, and anonymity (Nunamaker 
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et al., 1991a). Parallel communication can be implemented through providing each 

participant a terminal, which enables communication simultaneously and in parallel 

(Dennis et al., 1988). Thus, process losses caused by air time fragmentation, 

attenuation blocking, concentration blocking, free riding, domination and 

dysfunctional socializing are reduced. In addition, process gains may be enhanced due 

to increased synergy between participants and the use of more information. While it 

also is true that parallel communication may increase information overload.  

 
Figure 3.5 Potential EMS effects of the four mechanisms 

(adapted from: Nunamaker et al., 1991a) 
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A group memory can be built by using the EMS to record all electronic comments 

automatically and enable easy retrieval of these comments when needed. Thus process 

losses such as attention blocking, incomplete use of information, and memory failure 

may be reduced; process gains may be enhanced by promoted synergy and more 

information. 

The electronic channel may provide some degree of anonymity, which then reduces 

the potential process losses caused by conformance pressure and evaluation 

apprehension. On the other hand, this anonymity may increase occurrences of free 

riding. Anonymity may encourage members to challenge others, thereby increasing 

process gains by uncovering potential problems and so leading to more objective 

evaluations. 

The electronic channel may also introduce media effects that reflect inherent 

differences between verbal and electronic communication (Nunamaker et al., 1991a). 

These effects include media speed, richness, and depersonalization. 

1) Media speed, which refers to the fact that typing comments to send electronic then 

speaking. This can reduce the amount of information available to the group and 

introduce losses, while reading is generally faster than listening (Williams, 1977). 

2) Media richness, which refers to the less richness of electronic media than 

face-to-face verbal communication. This provides fewer cues and slower feedback, 

but it also typically promotes more careful and precisely worded communication 

(Daft and Lengel, 1986). 
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3) Depersonalization, which means the separation of people from comments. It may 

promote deindividuation, namely the loss of self- and group-awareness (Williams, 

1977). This may reduce socializing, and encourage more objective evaluation and 

more error catching due to less negative reaction to criticism, and increased group 

ownership of outcomes. But reduced socializing and more uninhibited comments 

like “flaming” may reduce group cohesiveness and satisfaction. 

Task structure. It assists the group to better understand and analyze task information 

through improving the performance of individual decision makers (Nunamaker et al., 

1991a). Methods of providing task structure include, for example, problem modelling 

and multi-criteria decision making. Task structure may improve group performance by 

reducing losses due to incomplete task analysis. It also increases gains due to synergy, 

encouraging more information to be shared, promoting more objective evaluation or 

catching errors by highlighting information. 

Task support. It means provision of information and computation to the group 

without additional structure (Nunamaker et al., 1991a). This may reduce process losses 

due to incomplete use of information and incomplete task analysis, and may promote 

synergy and the improved use of more information. 

3.2.6 Related Work 

From 2002, a research team led by Geoffrey Q.P. Shen from the Hong Kong 

Polytechnic University began to conduct a series of research investigating using GDSS 
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to support VM workshops. A web-based GDSS system, Interactive Value 

Management System (IVMS), was subsequently developed. The IVMS was designed 

in terms of system structure and functionalities and the potential benefits of using it in 

VM studies were investigated (Shen and Chung, 2002). To facilitate information 

management, improve the collaboration between team members, encourage interaction, 

promote active participation, and assist the decision analysis in workshops, the IVMS 

was built with four feature modules: project information centre, virtual conference 

room, electronic cyber forum, and analysis tools. 

The IVMS was used to addresses the problems of implementing VM in construction 

such as lack of information, lack of participation and interaction and difficulty in 

conducting evaluation and analysis (Shen et al., 2004a). The trial of IVMS illustrated 

that it could provide support in discussion, information, collaboration, and decision 

analysis and therefore to overcome some of the existing problems in VM studies. 

After this trial, a series of empirical studies (Fan and Shen, 2006; Fan et al., 2006; Fan 

et al., 2007; Fan et al., 2008) were conducted to further investigate the effects of 

GDSS on VM. It was illustrated that the IVMS can improve the efficiency of VM 

workshops by supporting the VM team and overcome some of the common problems 

identified in VM workshops, e.g., lack of information, short duration, and lack of 

participation and interaction. 
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3.3 A Review of CBR 

3.3.1 Evolution of CBR 

CBR is an approach to problem solving that emphasizes the role of prior experience 

during future problem solving; new problems are solved by reusing and, if necessary, 

adapting the solutions to similar problems that were solved in the past (Mantaras et al., 

2006). CBR has its roots primarily in two sets of theories. First is the cognitive science 

research on human memory by Roger Schank (1982). His work focused primarily on 

dynamic memory and the central role that a reminding of earlier situations and 

situation patterns has in problem solving and learning. The first CBR system, based on 

Schank’s research, was the CYRUS developed by Kolodner (1983). CYRUS was 

basically a question-answering system with knowledge of the various travels and 

meetings of the former US Secretary of State Cyrus Vance. The second series of work 

is the study by Bruce Porter and his group into heuristic classification and machine 

learning. It resulted in the PROTOS (Porter and Bareiss, 1986; Bareiss, 1988). 

PROTOS unified general domain knowledge and specific case knowledge into a single 

case memory model.  

CBR is considered to be one of the real success stories of research and development in 

the AI community. Numerous studies have been conducted to investigate CBR 

applications in various fields. Early application of CBR comes in various forms such 

as diagnosis (Watson and Abdullah, 1994), planning (Collins, 1987; Costas and 

Kashyap, 1993), legal reasoning (Yang and Robertson, 1994), design (Perera and 
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Watson, 1995), analogous reasoning (Kass, 1989), arbitration (Sycara, 1987) and 

tutoring (Aleven and Ashley, 1992).  

As for the more recent developments in the field of CBR, many research papers and 

application papers can be found in the proceedings of the European Conference on 

Case-Based Reasoning (ECCBR) and the International Conference on Case-Based 

Reasoning (ICCBR). The first ECCBR was held in 1993 in Otzenhausen, Germany 

and the latest one was (9th) held in 2008 in Hildesheim, Germany. The first ICCBR 

was held in 1995 in Sesimbra, Portugal and the most recent one held in 2007 in Belfast, 

Northern Ireland. These two most influential conferences take place alternately each 

year. According to Greene et al. (2008), there have been a total of 305 papers 

published in ECCBR and 367 papers in ICCBR. Currently, the important and 

interesting lines of research focus CBR on temporal problems, games and chess, 

scheduling and agents, and structural cases. 

3.3.2 Process Models of CBR 

There are two important process models for CBR. First is the CBR flow chart by 

Riesbeck and Schank (1989), as shown in Figure 3.6. This flow chart consisted of two 

types of elements: process units (represented by ovals) and knowledge units 

(represented with boxes). The process of interpreting and assimilating a new event has 

been broken down into the following steps, starting with an input event (Slade, 1991): 

1) Assign indexes: Features of the new event are assigned as indexes characterizing 

the event. 
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2) Retrieve: The indexes are used to retrieve a similar past case from memory. The 

past case contains the prior solution used in that case. 

3) Adapt: The old solution is changed to apply to the new situation, resulting in a 

newly proposed solution. 

4) Test: The proposed solution is tried out. It either succeeds or fails. 

5) Assign and Store: If the solution succeeds, then indexes are assigned and a 

working solution is stored. The successful input-solution pair is then incorporated 

into the case memory. 

6) Explain, Repair, and Test: If the solution fails, then explain the failure, repair the 

working solution and test it again. The explanation process identifies the source of 

the problem. The predictive features of the problem are incorporated into the 

indexing rules to anticipate this problem in the future. The failed plan is repaired 

to fix the problem, and the revised solution is then tested. 

In support of this process are the following types of knowledge units: 

1) Case Memory: Case memory is the episodic memory, which comprises the 

database of experience. 

2) Indexing Rules: Indexing rules identify the predictive features that provide 

appropriate indexes in the case memory. 

3) Match Rules: If more than one case is retrieved from episodic memory, the match 

rules can be used to decide which case is more like the current situation. 

4) Adaptation Rules: When the retrieved case is not an exact match, the adaptation 

rules take the differences into account and the old solution is adapted to fit the 
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new situation based on these. 

Of equal importance is the CBR cycle by Aamodt and Plaza (1994), as shown in 

Figure 3.7. It consists of four processes: retrieve, reuse, revise, and retain (known as 

the four REs) in it. A new problem is matched against cases in the case base and one 

or more similar cases are retrieved. A solution suggested by a previous case matched 

to the new problem is then reused and tested for success. Unless the retrieved case is a 

close match, the solution will probably have to be revised to account for the 

differences in two cases. The revised solution, when integrated with the problem, 

produces a new case that can be retained. This cycle currently rarely occurs without 

human intervention (Watson and Marir, 1994). Many CBR tools act primarily as case 

retrieval and reuse systems and the task of case revision (i.e., adaptation) is often 

undertaken by managers of the case base, not by the tools. 

Due to the pivotal role of retrieval in the CBR cycle, a considerable amount of 

research has focused on retrieval and similarity assessment (Mantaras et al., 2006). 

Leake (1996) proposed a model to express the role of similarity through the concepts 

of retrieval and adaptation distances (see Figure 3.8). The relationship between 

problem and solution spaces in CBR is also captured in Leake’s model. The retrieval 

distance R increases as the similarity between the input problem description and a 

stored problem description decreases (i.e., lower similarity means greater distance). A 

common assumption in CBR is that the adaptation distance A is commensurate with 

the retrieval distance R. However, this assumption and its implication that the most 
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similar case is the easiest to adapt has often been questioned (e.g., Smyth and Keane, 

1998). 

 
Figure 3.6 CBR Flow Chart 

(adopted from: Riesbeck and Schank, 1989) 

 
Figure 3.7 The CBR cycle 

(adapted from: Aamodt and Plaza, 1994) 
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The following analysis will address the techniques for representation, retrieval, reuse 

and revision, and retention of cases in CBR. 

 
Figure 3.8 Relationship between problem and solution spaces in CBR 

(adapted from: Leake, 1996) 

3.3.3 Case Representation and Indexing 

“A case is a contextualized piece of knowledge representing an experience. It contains 

the past lesson that is the content of the case and the context in which the lesson can be 

used” (Kolodner, 1993). Therefore, two important components should be incorporated 

into a case: the description of the problem that was being solved, or the situation being 

understood, and the description of its solution. With these two components, new 

problems can be solved in a case-based way first by finding a relevant case (by 

selecting the case whose problem description matches the new situation best) and then 

adapting the solution to that problem to the new situation. As illustrated in Figure 3.8, 
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the problems construct the problem space and the solutions build the solution space. 

Three major types of case representation have arisen: feature vector (or propositional) 

cases, structured (or relational) cases, and textual (or semi-structured) cases 

(Bergmann et al., 2005). 

Feature vector representation. Feature-vector approaches represent a case as a 

vector of attribute-value pairs that support k-nearest neighbor matching and 

instance-based learning (Aha et al., 1991). When using attribute-value representation 

(Bergmann, 2002) all information contained in the case is represented through sets of 

attribute values. The set of attributes that are used to represent the case can either be 

fixed or can vary from case to case. To each attribute a certain type is assigned. The 

type represents the value range for allowed values. 

Frame-based/object-oriented representation. The structured approach to case 

representation originates from the episodic memory notion of cases and the 

representational structure itself is usually developed around a frame-based formalism 

(Bergmann et al., 2005). A frame is a data structure that includes all the knowledge 

about a particular object and cases are represented in a special hierarchical structure 

(Turban and Aronson, 2001). 

Textural representation. Textual case representations (Lenz and Burkhard, 1996) go 

in the opposite direction by imposing only a weak structure on the cases. This allows 

easy exploitation of the experience captured in documents such as bug reports or 

FAQ’s. Text fields are usually represented as sets of linguistic items (e.g., words 
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reduced by some stemming algorithm) similar to vector representations in information 

retrieval. However, the available (weak) structure of the text allows the introduction of 

more semantics for a better interpretation of the reusability of a case (Bergmann et al., 

2005). 

The indexing problem has several parts. First is the problem of assigning labels to 

cases at the time that they are entered into the case library to ensure that they can be 

retrieved at appropriate time. Second is the problem of organizing cases so that 

searching case library can be done efficiently and accurately (Kolodner, 1993). Several 

guidelines for choosing indexes for particular cases are proposed by the CBR 

community (Kolodner, 1993):  

1) Indexes should be predictive. 

2) Predictions that can be made should be useful ones, that is, they should address 

the purposes the case will be used for. 

3) Indexes should be abstract enough to make a case useful in a variety of future 

situations. 

4) Indexes should be concrete enough to be easily recognizable in future situations. 

Both manual and automated methods have been used to select indexes (Watson, 1997). 

Choosing indexing manually involves deciding a case’s purpose with respect to the 

aims of the system and deciding under what circumstances the case will be useful. 

There are an ever-increasing number of automated indexing methods cited in the 

literature, including: 
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1) Indexing cases by features and dimensions that tend to be predictive across the 

entire domain. 

2) Similarity and explanation-based generalization methods that produce an 

appropriate set of indexes for abstract cases from cases that share a common set of 

features, while the unshared features are used as indexes to the original cases. 

3) Difference-based indexing, which selects indexes that differentiate one case from 

another case. During this process the system discovers which features of a case 

differentiate it from other similar cases, choosing as indices those features that 

differentiate cases best. 

4) Inductive learning methods that identify predictive features that are then used as 

indexes. 

3.3.4 Case Retrieval 

The most important step in the CBR cycle (Figure 2.14) is the retrieval of previous 

cases that can be used to solve the target problem. The most widely used retrieval 

method is similarity-based retrieval, which assumes that the most similar cases are 

most useful for solving the target problem. However, this basic assumption has been 

questioned by several authors (Smyth and Keane, 1998). The proposal of alternative 

approaches to retrieval has been motivated by a growing awareness of the limitations 

of similarity-based retrieval (Mantaras et al., 2006).  

Similarity-based retrieval. There are many ways of measuring similarity and 

different approaches are appropriate for different case representations. According to 
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Mantaras et al. (2006), case similarity can be measured in terms of surface features, 

derived features, and structures. Surface features are those that are provided as part of 

case description and typically represented using attribute-vale pairs. Retrieval 

approaches based on surface features include: 

1) K-nearest neighbor retrieval (k-NN). Usually, the k-NN algorithm is applied to get 

the k most similar cases in terms of attribute-values pairs of cases represented in 

feature vectors. With this representation, a local similarity is defined for each 

attribute and a global similarity measure is formulated as a sum of the weighted 

local similarities. This can be represented by the relatively simple equation 

∑
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where T is the target case, S the previous case, n the number of attributes in each 

case, i an individual attribute from 1 to n, f the local similarity function for 

attribute in case T and S, and w the importance weighting of attribute i (Watson, 

1997). However, sequentially processing all cases in a case base is relatively 

computing expensive. This problem may not be acceptable when the size of the 

case base is very large. Several alternative approaches have been developed with 

respect to the retrieval time problem of the k-NN algorithm. One earlier effort 

involves the use of massive parallel computers (Stanfill and Waltz, 1986). 

However this approach is criticized because it requires expensive hardware 

(Mantaras et al., 2006). 

2) Pre-indexing retrieval. Another approach to reducing retrieval time resorts to 

organizing cases in the case base; this approach pre-indexes cases so that retrieval 
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time is reduced by measuring similarity within smaller groups of cases. For 

example, Wess et al. (1993) propose an approach to retrieval in which 

organization of the case base is based on similarities between cases. A binary tree 

is used to split the case memory into groups of cases in such a way that each 

group contains cases that are similar to each other according to a given similarity 

measure. Watson (1997) refers to a similar approach to case retrieval as inductive 

retrieval. However, there are still some drawbacks concerning these approaches 

proposed to improve retrieval speed: first is that developing the index is 

time-consuming for a large case base and a new index has to be made every time a 

new case is added to the case base; second is that, if some case data is missing or 

unknown, it may not be possible to retrieval case at all since the similarity 

measure will be suspended because of the missing or unknown attribute in the 

new case.  

3) Footprint-based retrieval. Based on an explicit model of case competence, Smyth 

and McKenna (1998, 2001a, 2001b) propose a two-stage retrieval approach that is 

referred to as footprint-based retrieval. The first step is to retrieve a reference case, 

which acts as an index into the case base, from the footprint set, which serve to 

mark out the principal regions of competence within the case space. When the 

reference case is not able to solve the current target problem, the second step is to 

compare the target to related (non-footprint) cases pertinent to the reference case, 

thus the most similar case in the group is located. This approach has been proven 

to be efficient by searching only a small fraction of the total cases and at the same 
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time guaranteeing the selection of near optimal cases. However, the additional 

computing work is still necessary and expensive as when a new case is entered 

into the case base since it needs to be categorized into the most relevant footprint 

set. 

Since these approaches have different strengths and weaknesses, Watson (1997) 

recommend using k-NN retrieval without any pre-indexing until retrieval time 

becomes an important issues and using pre-indexing when speed is important. Another 

way to combine the two approaches, for example, is to use pre-indexing to retrieve a 

set of matching cases and then use k-NN to rank the cases in the set according to their 

similarity to the target case. 

Sometimes, it is necessary to use derived features obtained from a case’s description 

by inference based on domain knowledge. However in those applications with cases 

represented by complex structures (e.g., first-order logics, frames and graphs), case 

retrieval involves measuring the structural similarity. Retrieval based on structure 

similarity relies on extensive use of domain knowledge and thus incurs high 

computing expenses. However, its advantage is that the retrieved cases may be more 

relevant. The model proposed by Forbus et al. (1994) shows a way of reducing the 

computing cost by combining surface and structural similarity in a two-stage retrieval 

process. The first stage is non-structural, a cheap filter that generally lets highly 

similar items through. The second stage is a much more constrained structural match 

stage. 



Chapter 3 EMS and CBR: A Review of Solution Space 

78 

Adaptation-guided retrieval. This approach assumes that what matters most is 

whether the retrieved cases can be used to solve the target problem. Thus effective 

retrieval is not simply a matter of finding cases that are similar, but cases that are 

usefully similar (Bergmann et al., 2001); similarity is used as a proxy for solution 

utility. Smyth and Keane (1994, 1995a, 1996, 1998) question the assumption that the 

most similar case is the one that is easiest to adapt. They argue that sometimes the 

most similar cases may be impossible to adapt, for instance in weak-theory domains 

where adaptation knowledge is incomplete. To address this issue, they introduce the 

notation of adaptation-guided retrieval where the adaptation requirements of cases are 

explicitly assessed and retrieval is completed by means of domain-specific adaptation 

knowledge. Thus the most adaptable case is always selected and finally the gap 

between retrieval and reuse is bridged. 

Diversity-conscious retrieval. This approach was proposed to address the 

requirement of diversity in CBR recommender systems, where the most similar cases 

are often very similar to each other, with the result that the user is offered a limited 

choice of cases (Smyth and McClave, 2001). Retrieval algorithms have recently been 

introduced that combine measures of similarity and diversity in the retrieval process to 

achieve a better balance between these often conflicting characteristics (e.g., Smyth 

and McClave, 2001; McSherry, 2002; McGinty and Smyth, 2003). By way of 

illustration, Smyth and McClave (2001) propose an approach to retrieval that 

incrementally selects a diverse set of cases from a large set of similarity-ordered cases.  
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Compromise-driven retrieval. In CBR recommender systems, the cases that are most 

similar to the user’s query are often not sufficiently representative of compromises 

(i.e., unsatisfied requirements) that the user may be prepared to accept. McSherry 

(2003, 2004a) proposes a compromise-driven approach based on the assumption that a 

given case is more acceptable than another if it is more similar to the user’s query and 

it involves a subset of the compromises that the other case involved. Consequently, 

this weaker assumption provides the basis of a more principled approach to deciding 

which cases are included in the retrieval set than arbitrarily limiting the number of 

retrieved cases as in k-NN. For example, a case is excluded from the retrieval set if 

there is a more similar case that involves a subset of the compromises it involves. 

Order-based retrieval. This is another approach that can be particularly applied to 

recommender systems (Bridge and Ferguson, 2002). This approach offers an 

expressive query language for defining and combining ordering relations rather than 

scoring the cases, and the result of query evaluation is to partially order the cases in 

the case base. The query language supports queries that naturally combine preferred 

values with other preference information such as maximum values, minimum values 

and values that the user would prefer not to consider. 

Explanation-oriented retrieval. Usually, it is important for CBR systems to 

explaining their reasoning and to justify their suggestions or solutions (e.g., Doyle et 

al., 2004; McSherry, 2004b; Leake and McSherry, 2005). Explanations serve many 

different goals such as informing the user about the domain or about the relevance of a 
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question the user is asked (Mantaras et al., 2006). Doyle et al. (2004) argue that the 

most compelling explanation case may not necessarily be the one that is most similar 

to the target problem. Particularly, they demonstrate how cases which lie between the 

target problem and decision boundary can often be more useful for explanation. The 

approach is implemented in two steps: first is to retrieve cases on the basis of the 

nearest neighbors and second is to obtain the explanation case using an explanation 

utility metric. 

3.3.5 Case Reuse and Revision 

In the CBR cycle by Aamodt and Plaza (1994) the reuse process is to propose a 

solution for a new problem from the solutions in the retrieved cases. Reusing a 

retrieved case, if sufficiently similar, can be as easy as using the retrieved solution, 

unchanged, as the proposed solution for the new problem. However, reuse becomes 

more difficult if there are significant differences between the new problem and the 

retrieved case’s problem. Thus adaptation of the proposed solution is essential. 

Adaptation looks for prominent differences between the retrieved case and the current 

case and then applies formulae or rules that take those differences into account when 

suggesting a solution. There are two kinds of adaptation in CBR (Riesbeck and Schank, 

1989). The first kind is structural adaptation, in which adaptation rules are applied 

directly to the solution stored in the previous cases. Second, there is derivational 

adaptation, where the algorithms, methods or rules are reused to produce a new 

solution to the current problem. Six adaptation techniques are commonly used 
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(Riesbeck and Schank, 1989) ranging from simple to complex:  

1) Null adaptation: doing nothing and simply applying the retrieved solution to the 

new situation. Null adaptation is useful for problems involving complex reasoning 

but with a simple solution. This is neither structural nor derivational. 

2) Parameter adjustment: a structural adaptation technique that compares specified 

parameters of the retrieved case to the current case to modify the solution in an 

appropriate direction. 

3) Abstraction and re-specialization: a structural adaptation technique that is used in 

a basic way to achieve simple adaptations and in a complex way to generate novel, 

creative solutions. This results in trying “siblings” of the original concept. 

4) Critic-based adaptation: a structural adaptation technique in which a critic looks 

for combinations of features that can cause a problem in the solution. This 

technique is frequently used in conjunction with other techniques because critics 

are not capable of generating complete solutions as much as they are capable of 

make local changes. 

5) Model-guided repair. This is a structural adaptation technique that uses a causal 

model to guide adaptation. This attempts to find a solution to the problem of the 

retrieved case from another perspective which may cause the same problem.  

6) Re-instantiation: a derivational adaptation technique which is used to instantiate 

features of an old solution with new features. 
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3.3.6 Case Retention 

In the CBR cycle by Aamodt and Plaza (1994) retention is the final step in which the 

result of the most recent problem-solving episode is incorporated into the case base. In 

general, the modern view of retention accommodates a much broader perspective of 

what it means for a CBR system to learn from its problem solving experience 

(Mantaras et al., 2006).  

The utility problem in CBR has been identified in explanation-based learning research 

(e.g., Minton, 1990). It refers to the performance degradation experienced by speed-up 

learners as a result of learning control knowledge. As CBR systems were developed 

and deployed for real world application scenarios, the potential pitfalls of long-term 

case learning became apparent, especially in relation to the impact of case base growth 

on retrieval cost. At the root of the utility problem is a natural trade-off between the 

benefits of speed-up knowledge and the cost of its application (Mantaras et al., 2006). 

The earliest effort to address this problem came from the pattern recognition 

community on nearest neighbour classification (Cover and Hart, 1967), which focused 

on a number of ways to remove harmful training examples from a set of instances. 

Other significant research from the machine learning community includes developing 

the algorithms for eliminating harmful data from training sets by Aha et al. (1991) and 

Wilson and Martinez (1997), as well as the development of a framework for the 

systematic discussion of all of the various strategies for copying with harmful 
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knowledge in general and the utility problem in particular by Markovitch and Scott 

(1993). 

However, many case-based reasoners are not simply using case knowledge as a form of 

speed-up knowledge. Instead, cases are often a primary source of problem solving 

knowledge (Mantaras et al., 2006). Without these cases, some problems cannot be 

solved and thus the act of deleting cases may irrevocably reduce the competence of the 

system in solving new problems. To address this problem, Smyth and Keane (1995b) 

proposed a competence model to evaluate the contribution of individual cases to 

problem solving competences. The later work of Smyth and McKenna (1998) led to the 

introduction of a more fine-grained model of case competence. For example Smyth and 

McKenna (1999) developed a competence guided case addition algorithm as the 

alternative to case deletion. 

3.3.7 Applicability of CBR 

Watson (1997) conducted a systematic and comprehensive review of credits and 

applicability of CBR. In the text a mass of successful applications of CBR are 

documented in both the academic community and industry. These applications can be 

broadly classified into two main task types: classification tasks and synthesis tasks. In 

a classification task a new case is matched against those in the case-base to determine 

what type, or class, of case it is. The solution from the best matching case in the class 

is then reused. The former tasks come in a wide variety of forms, such as: 

1) Diagnosis, e.g. medical diagnosis or equipment failure diagnosis. 
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2) Prediction, e.g. the forecasting of equipment failure or stock market performance. 

3) Assessment, e.g. risk analysis for banking or insurance or the estimation of project 

costs. 

4) Process control, e.g. the control of manufacturing equipment. 

5) Planning, e.g. the reuse of travel plans or work schedules. 

Table 3.3 Technology comparisons of CBR with other computational techniques 
(adapted from: Watson, 1997) 
Technology type When to use When not to use 
Databases Well-structured, standardized data and 

simple precise queries possible 
Complex, poorly structured data 
and unclear queries required 

Information 
retrieval 

Large volumes of textural data Non-textural complex data 
types, background knowledge 
available 

Statistics Large volumes of well-understood data 
with a well-formed hypothesis 

Exploratory analysis of data 
dependent variables 

Rule-based 
systems 

Well-understood, stable, narrow problem 
area and justification by rule-trace 
acceptable 

Poorly understood problem area 
that constantly changes 

Machine learning General rules are required from a large 
training set and justification by rule-trace 
acceptable 

Rules are not required, and 
justification by rule trace is 
unacceptable 

Neural networks Noisy numerical data for pattern 
recognition or signal processing 

Complex symbolic data or when 
a justification is required 

Case-based 
reasoning 

Poorly understood problem area with 
ill-structured data that changes slowly 
with time and justification 

When case data is not available, 
or if complex adaptation is 
required, or if an exact optimum 
answer if required 

A synthesis task attempts to create a new solution by combining parts of previous 

solutions and is inherently complex because of the constraints between elements used 

during synthesis. These systems are not very common, but they involve such tasks as: 

1) Design, e.g. the creation of a new artifact by adapting elements of previous ones. 

2) Planning, e.g. the creation of new plans from elements of old ones. 
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3) Configuration, e.g. the creation of new schedules from old schedules. 

Watson (1997) makes a comprehensive comparison of CBR with other computational 

techniques in terms of their strengths and weaknesses and finally makes a 

recommendation concerning “when to use” and “when not to use” them (see Table 

3.3). CBR allows a reasoner to propose solutions in domains that are not completely 

understood by the reasoner (Kolodner, 1993). In view of the wickedness of briefing 

(see Section 4.2), it is characterized as: (1) no definitive or compulsory formulation, (2) 

no technical stop rule, (3) no definitive evaluation criteria, (4) uniqueness of 

construction projects, (5) a result of performance balances, and (6) resolution depends 

on explanation. Intuitively, CBR is the best option to address the problems 

encountered in the ill-structured briefing such as client’s inexperience with the 

building industry and difficult identification of client’s needs. 

3.4 Summary 

The following key points were highlighted in the literature review of EMS: 

1) EMS is an umbrella term that covers task-oriented GDSS and 

communication-oriented CSCW, and attempts to utilize the common ground 

between them. EMS is a product made up of hardware, software, people and 

procedures. 

2) The meeting environments that EMS supports can be categorized from several 

view points, such as group size, group proximity, time dispersion, and task type. 

Two widely accepted taxonomies of EMS are DeSanctis and Gallupe’s taxonomy 
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(1985) based on duration of decision-making session and proximity of group 

members and Dennis et al.’s taxonomy (1988) based on group size, group 

proximity and timing of meetings. 

3) The effects of using EMS are contingent on a myriad of group, task, context, and 

technology factors that differ from situation to situation. Certain aspects of the 

meeting process improve outcomes (process gains) while others impair outcomes. 

4) Four contributing mechanisms (i.e., process structure, process support, task 

structure, and task support) make up a theoretical framework, which enables 

profound understanding of how EMS can affect the balance of gains and losses. 

5) A body of closely related research work into use of GDSS to support VM 

workshops was reviewed. It showed that the web-based GDSS has big potential to 

enhance the performance of VM studies through addressing the common problems 

like lack of information, limited duration, and lack of participation and interaction. 

As an approach to problem solving that emphasizes the role of prior experience during 

future problem solving, CBR has evolved from cognitive science research (Schank, 

1982), heuristic classification and machine learning (Porter and Bareiss, 1986; Bareiss, 

1988) in the 1980s and has gained the real success in terms of its applications in 

various fields today.  

Two models are proposed to describe the CBR process. The first process model is the 

CBR flow chart by Riesbeck and Schank (1989) which consists of six steps. These 

steps are assign indexes, retrieve, adapt, test, explain, repair and store. Four knowledge 
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units are designed to support the process: case memory, indexing rules, match rules, 

and adaptation rules. The second process model is the four REs (retrieve, reuse, revise, 

and retain) CBR cycle by Aamodt and Plaza (1994). Smyth and Keane (1998) also 

proposed a model to describe relationship between problem and solution spaces in 

CBR.  

Based on the design issues raised by the two process models and the relationship 

model, the techniques for case representation, indexing, retrieval, reuse, revision, and 

retention are reviewed through a representative selection of work from the CBR 

literature in the past few decades. CBR, with respect to its ability to interpret 

open-ended and ill-defined concepts (Kolodner, 1993), has big potential to be helpful 

in the wicked briefing.
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Chapter 4 A Conceptual Framework of EMS 

4.1 Introduction 

This chapter describes a conceptual framework that is constructed according to the 

research objectives to investigate the system functionalities and requirements at a 

general level. First, construction briefing is investigated from a wicked problem 

prospective. Second, the characteristics of a solution to address the wickedness of 

briefing are outlined. Third, a systematic procedure for implementing VM in briefing 

is proposed to establish the operating scenario of the EMS and be used the global 

process structure. The procedure is described as a structured job plan for the flow of 

events in a briefing workshop. Finally, a conceptual framework is proposed to clarify 

how the EMS supports the implementation of the VM methodology in construction 

briefing. 

4.2 Wickedness of Construction Briefing 

Rittel and Webber coined (1972) the terms “wicked problem” to systematically 

analyze the dilemmas in planning theories. Whelton and Ballard (2002) used this 

concept to analyze the project definition process and argue that the project definition is 

a wicked problem. Coyne (2005) revisited this concept and argues that wickedness is 

the norm for design. Simon (1973) advanced his own account of the problem of 

wicked problems, suggesting that some problems are after all ill-structured, and treated 

by designers as a number of interrelated sub-problems, which are well structured, i.e. 



Chapter 4 A Conceptual Framework of EMS 

89 

have a near precise formulation and a set of criteria for solution. These arguments are 

supported by the study of Barrett, et al. (1999), they analyzes the problem of the 

briefing process in terms of human error theory and argue that there are too much 

emphasis placed on rational decision making in the briefing process which may stifle 

the creativity and can undermine the ability of practitioners and researchers to 

understand and effectively address the problems. 

According to Rittel and Webber (1972), a wicked problem is of the following ten 

characteristics: (1) There is no definitive formulation of a wicked problem; (2) Wicked 

problems have no stopping rule; (3) Solutions to wicked problems are not true-or-false, 

but good-or-bad; (4) There is no immediate and no ultimate test of a solution to a 

wicked problem; (5) Every solution to a wicked problem is a “one-shot operation”, 

because there is no opportunity to learn by trial-and-error, every attempt counts 

significantly; (6) Wicked problems do not have an enumerable (or an exhaustive 

describable) set of potential solution, nor is there a well described set of permissible 

operations that may be incorporated into the plan; (7) Every wicked problem is 

essentially unique; (8) Every wicked problem can be considered to be symptom of 

another problem; (9) The existence of discrepancy representing a wicked problem can 

be explained in numerous ways. The choice of explanation determines the nature of 

the problem’s resolution; (10) Planners have no right to be wrong. This section intends 

to investigate construction briefing from the perspectives of a wick problem and then 

elite a relevant solution addressing the wickedness characteristics. 



Chapter 4 A Conceptual Framework of EMS 

90 

4.2.1 No Definitive or Compulsory Formulation 

There is no definitive, or compulsory, formulation of problems supposed to be 

addressed by a design. There are various attempts to describe the formulation of 

problems. The earliest description of them can be traced back to ancient times, when, 

such as the Age of Roman, people believed buildings should be designed and 

constructed in terms of “firmitas”, “utilitas”, and “venustas” – later interpreted as 

“firmness”, “commodity” and “delight” in the architectural treatise of Sir Henry 

Wooton (Duerk, 1993; Cook, 2007). “Firmness”, or “strength”, means to resist the 

natural forces to make a building exist and function. “Commodity”, or “function”, 

means to fit for purpose of client, users, and other relative interest parties. “Delight”, 

or “beauty”, means to lift human spirits in regular users and visitors alike. However, 

this form of interpretation is rarely without refutation and controversy, as it is largely 

acknowledged as subjective. Venturi and Scott Brown (2004) invokes the above 

principles by a criticism of Modernism’s “form follows function” dictate which 

implies that delight is achieved virtually by implementation of firmness and 

commodity. 

As reviewed in Chapter 2, there are a number of problem formulations such as Pena’s 

problem seeking model (2001), Palmer’s human-physical-external model (1981), 

Duerk’s issue-based model (1993), Kumlin’s issue-object-concept model (1995), and 

Kelly’s client value system (2005). Kraus and Myer (1979) put quite simply the 

dilemma of design methodologies: “if any conceivable strategy, list of operations or 
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route is permissible in finding a solution, then none can be prescribed as mandatory.” 

This comment goes for the current briefing practice too. 

4.2.2 No Technical Stop Rule 

Construction briefing has no technical stop rule. When does a briefing process can be 

referred to as completed? In the briefing process, information needed in the building 

process is gathered, analyzed, and synthesized in order to inform decision-making and 

decision implementation (Kelly and Duerk, 2002). But the problem is to what level 

information should be tacked so that it is adequate for decision making and 

implementation. Consider “delight” requirement as an example, it is established to 

provide a delight environment and usually two aspects are considered to achieve it: 

“aesthetics” and “comfort”. However, “comfort” must involve “visualization” that is 

an essential element to build “aesthetics”. Furthermore, “aesthetics” is subjective and 

anyone can naturally and unconsciously develop his or her own understanding. At 

some point, the briefing team will be forced to make a decision. If it were not for the 

timescale and finance, the team would swirl indefinitely in exercises such as collection, 

analysis, synthesis, appraisal, and decision. 

4.2.3 No Definite Evaluation Criteria 

There are no definite evaluation criteria to measure briefs. O’Reilly (1987) suggests 

that a good brief should: be of clarity; be consistent within itself and with any other 

related projects; be complete as far as the project team’s understanding and 
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expectations have developed; realistic in terms of aims, resources, context and quality 

to be achieved; be of logic structure and presentation; be flexible enough to encourage 

exploration of problems, options and uncertainty, and make of clear project scope. 

Kumlin (1995) argues that a program can only be measured by the results of its 

application that are revealed when the project is completed. Some criteria could be 

listed like project scope and cost objectives; efficiency achieved; expectations met; 

creativity and sustainability of design; information availability; organization; 

expression and overload; clearness of client’s requirements, visions, dreams, intentions, 

and priorities; enthusiastic support of users, stakeholders, and decision makers. 

However, briefing processes involve various people who represent their own parties. 

Literally, these parties are equally equipped, interested, and/or entitled to judge a 

briefing process and the outcomes of it. In reality, it is impossible for them to carry out 

the evaluation equally because usually a client who commissions a project influences 

the whole briefing process through subjectively granting different levels of authority to 

other stakeholders. Moreover, people’s judgments are likely to differ widely to accord 

with their group or personal interests, their special value sets, and their ideological 

predilections (Rittel and Webber, 1973). Sometimes, the evaluation criteria are wicked 

too. 

4.2.4 No Exhaustive Set of Solutions 

Design problems identified in a brief do not have an enumerable (or an exhaustively 

describable) set of potential design solutions. Normally, in the identification process of 
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a design problem, taking “efficient use of energy” for an example, several potential 

solutions usually arises such as solar energy, natural daylight, control of energy lost 

and so on; and others may never be thought up like wind energy and terrestrial heat. 

There are no criteria that enable one to prove that all solutions to a design problem 

have been identified and considered. “It is then a matter of judgment whether one 

should try to enlarge the available set or not. And it is, of course, a matter of judgment 

which of these solutions should be pursued and implemented” (Rittel and Webber, 

1973).  

MacPherson, et al. (1992) argues that the environment, in which the design problems 

are being solved, brings various pressures, e.g. lack of time and increasing 

professionalism, to bear on designers. So, designers do not attempt an exhaustive 

analysis of the available data before attempting to synthesis a solution, but they make 

early attempts at solutions as a way of trying to understand the problem more fully 

(Eastman, 1970 and Lawson, 1980). 

4.2.5 Uniqueness of Construction Projects 

Every construction project that a brief is trying to pursue and outline is essentially 

unique. Every project is virtually one-of-a-kind. Maybe many different building types 

or forms, such as schools, hospitals, administration buildings, railway stations, and so 

on, can be summarized through at least one distinguishing property which they share 

in common. Despite long lists of similarities between a current project and a previous 

one, there are always might be an additional distinguishing property that is of 
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overriding importance and one can never be certain that the particulars of a problem 

do not override its commonalities with other problems already dealt with (Rittel and 

Webber, 1973). Part of the art of briefing is to identify the properties that differentiate 

the current project from others. 

Consider the briefing process of a primary school. After visiting an existing primary 

school, the client may feel that the scale of the school is similar and the architectural 

design style is the preferred one. However, there may be some preliminary factors (e.g. 

site conditions and traffic levels) that distinguish the envisaged one from the 

seemingly similar one. 

4.2.6 A Result of Performance Balances 

The final resolution to the whole design problems is the result of performance balances 

among each sub-resolution to relative sub-problem. A resolution adopted to address a 

design problem means performance discount of another resolution to another design 

problem. Typical problem pairs are cost-time, cost-quality, and time-quality, which are 

the preliminary elements of the client value system (Kelly, 2005). Those decision 

makers make their selections among different performance levels consciously or 

unconsciously for different resolutions and that is another wicked problem as the 

situation in Section 4.2.3. But decisions must be made and final balances are achieved 

plausibly. Value shapes decisions that reshape value in return, and knowledge and 

experience make the same sense. 
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4.2.7 Resolution Depends on Explanation 

The choice of explanation determines the nature of the problem’s resolution. “Indoor 

noise” can be attributed to the bad soundproof performance of doors, windows and 

walls, to the working style and work station layout, to the outside noise, etc. Each of 

these establishes a direction to develop an approach to controlling the indoor noise. 

The reason is that in dealing with wicked problems there are several more ways of 

refuting a hypothesis and they are permissible in the sciences. That is to say, the 

choice of explanation is arbitrary in the logical sense. In actuality, attitudinal criteria 

guide the choice (Rittel and Webber, 1973). 

4.3 Expected Characteristics of a Solution to the Wicked Briefing 

Barrett and Stanley (1999) argue that there is no simple “cookbook” solution to good 

briefing practices. This section is devoted to discuss the characteristics of a potential 

solution addressing the wickedness of construction based on the previous analysis. 

4.3.1 Value-oriented 

As analyzed above, there is no definitive, or compulsory, formulation of problems for 

briefing. Whereas, in the briefing practice, both clients and consultants tend to jump 

directly to identification of client goals, user needs, and space requirements, oblivious 

to the fact that they each have underlying value systems that are influencing the 

decisions they make (Hershberger, 1985). The point is that people usually believe facts 

being absolute, material, objective and impersonal; values being relative, spiritual, 
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subjective, and personal. In reality, the two are inextricably intertwined: the 

demarcation of facts rests squarely on consideration of value; and evaluations are 

infused with consideration of fact (Elgin, 1996). In the briefing context, facts are 

collected and organized based on client value systems, and in return, facts collected 

and organized influence client value systems. 

The thrust of a value-oriented approach is that briefing is not just defining design 

problem through collecting the facts but also serves as a mechanism to guide the 

whole construction process, to investigate the needs of the client organization, to 

discover the values of all stakeholders. 

4.3.2 Performance-based 

In real-life projects, difficulties often arise with the demand side (e.g. clients and users) 

speaking a different language from the supply side (e.g. designers and contractors) 

(Blyth and Worthington, 2001). The demand side will talk in terms of their business 

and organization, whereas the supply side will speak in terms of construction with a 

technical language appropriate to their activities. When inexperienced clients become 

involved with construction projects they are unlikely to understand exactly what is 

involved (Barrett and Stanley, 1999). Terminology used by professionals in the 

construction industry is confusing to them and a performance-based approach to 

briefing could facilitate and encourage their participation. A neutral language, or 

shared language, is an effective approach to building the shared understanding of the 

requirements on facilities. For example, with the neutral language, a client may define 
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his requirements of noise control in an office building as “there is no problem due to 

noise from outside the building or from other floors”; but with the technical language, 

he may need to define noise reduction coefficient based on testing methods, shape and 

surface area of materials, etc. 

The performance-based approach is believed as an effective way to facilitate the 

establishment of client requirements since “it is concerned with what a building or a 

building product is required to do, and not with prescribing how it is to be constructed” 

(Gibson, 1982). Moreover, a performance-based brief can be solution-neutral and 

allow design innovations. 

4.3.3 Experience-reusing  

Eight important factors characterize decision making in naturalistic settings (Orasanu 

and Connolly, 1993): ill-structured problems; uncertain dynamic environments; 

shifting, ill-defined, or competing goals; action/feedback loops; time stress; high 

stakes; multiple players; and organizational goals and norms. Most of them present in 

the current briefing practice. As illustrated in Section 2.2.4, almost all critical reviews 

on briefing coincide to argue that client’s inexperience is a problem frequently 

encountered in the briefing practice. But it is the norm that we have to confront. The 

point is how to empower clients (Barrett and Stanley, 1999).  

An experience-reusing briefing approach provides an opportunity to facilitate the 

briefing process by revisiting the experience and knowledge accumulated in past 
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construction projects. It could serve as an effective way to empower those 

inexperienced clients. The CBR technique provides a good approach to reusing the 

existing experience broadly construed. 

4.4 A Job Plan for Implementing VM in Briefing 

To retain the benefits of the systematic process of VM and to ensure the applicability 

of the EMS, a new job plan for implementing VM in briefing is proposed to build the 

global process structure of the EMS. FPS is introduced into the job plan to embody the 

performance-based requirement on the solution for briefing. FPS usually is used on the 

basis of a task FAST diagram. Thus the new job plan acknowledges the operational 

procedure between FAST and FPS and arranges the task of defining functional 

performance in a special phase: performance specification, which follows the function 

analysis phase. In addition, the development phase is not included in the new job plan 

because the development phase in construction briefing is particularly difficult to 

complete effectively in such a short period of briefing workshops. There are usually 

many ideas proposed in the creativity phase that require intensive design and 

engineering analysis particularly. Consequently, the new job plan consists of eight 

phases: pre-workshop, information, function analysis, performance specification, 

creativity, evaluation, presentation, and post-workshop.  
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4.4.1 Pre-workshop Phase 

The primary objective of the pre-workshop phase is to ensure that all parties are well 

coordinated and that the study is properly targeted. The preparation work would 

normally be led by a VM facilitator, client representatives, and design team 

representatives. In this case a preliminary understanding of the project and the client’s 

objectives can be established. After that, strategies for selecting team members should 

be developed carefully to ensure that the right people are selected in terms of having 

adequate authority for decision making and adequate knowledge to meet the client’s 

objectives. The briefing duration should be tailored according to the size, nature and 

complexity of the project (Norton and McElligott, 1995). The selected members from 

the stakeholder organizations then are expected to gather information related to the 

project to ensure that sufficient information is available at the workshop. 

4.4.2 Information Phase 

The primary aim of the information phase is to get all members of the team to fully 

understand the background, objectives, constraints and limitations of the project so as 

to broaden their perspectives beyond their particular area of expertise (Shen et al., 

2004b). Towards this aim, an introductory presentation of VM will be given at the 

beginning of the workshop to ensure that all people have an understanding of the 

procedures and methods to be used. This will be followed by a description of the 

project background and objectives by a client representative, and concerns and 

constraints by other stakeholders. 
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4.4.3 Function Analysis Phase 

The primary aim of this phase is to represent client’s requirements using FAST. 

Towards this aim, three tasks will be conducted. First, all participants are encouraged 

to express ideas using an active verb and a measurable noun. The verb answers the 

question, “what is it to do” and the noun answers the question, “what does it do it to” 

respectively. At the same time, the HOW-WHY logic can be employed to build a 

broader and more comprehensive understanding of the project and while the 

relationships among functions can be further developed. However, at this point the 

functions may be organized in lots of local small trees, but not yet in a global big tree 

that contains all functions.  

Second, all these functions are organized into a FAST diagram through the 

HOW-WHY logic. It is best to start with the general goal of the project, which should 

be identified as the root function of the tree, and then explore methods to achieve the 

goal. When addressing any function on the FAST model with the question WHY, the 

function to its left expresses the goal of that function. The question HOW, is answered 

by the function on the right, and refers to a way to perform that function being 

addressed. Building the model in the HOW direction, or function justification, will 

focus the team’s attention on each function element of the model. A rule in 

constructing a FAST diagram is to build in the HOW direction and test the logic in the 

WHY direction. During this action, the functions that overlap can be removed or 

merged, and new functions can be added. 
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Finally, the importance of each function will be assessed. Several methods can be used 

to show the importance of a function. An approach is to spread one point among 

primary functions, then further spread the points assigned to a primary function among 

its corresponding secondary functions, and so on. It allows comparison of functions at 

the same level. Showing the importance of a function not only helps clients to 

understand their requirements and needs more thoroughly, but also provides useful 

information to the professionals who will have to design according to these 

requirements. 

4.4.4 Performance Specification Phase 

The primary objective of the phase is to define functional performance for functions 

by FPS, which could be used to clarify each function of a building project to a detailed 

level at which client’s requirements are clearly understood by all professional 

disciplines (Masson, 2001). Functional performance is specified to each function in the 

following steps: (1) define criteria to evaluate and measure whether a function is 

accomplished; (2) define levels of each function-criterion that are acceptable to satisfy 

the needs; and (3) assign flexibility to each criterion in order to investigate its 

negotiability. The identified functions are further investigated in this phase because 

when people attempt to clarify how a function should be measured the function is 

revisited and sometimes the functional representation is revised to make it more 

accurate and measurable. 
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4.4.5 Creativity Phase 

The objective of the creativity phase is to develop a large quantity of ideas for each of 

the functions that are selected for further development. The weightings of the 

functions are used to assist the selection work. The number of the selected functions 

depends upon the time allocated to this phase. The longer the time is allocated, the 

more functions are selected. There are two categories of ideas: briefing and design. 

William Pena et al. (2000) label them as (1) programmatic concepts, which refer to 

abstract ideas intended mainly as functional solutions to client’s performance 

problems without regard to the physical response, and (2) design concepts, which refer 

to concrete ideas intended as physical solutions to client’s architectural problems. In 

this phase, the briefing ideas are preferred. Should the client prescribe independent, 

concrete ideas or three-dimensional design concepts, the designer would have 

difficulty in articulating solid-form solutions into an integrated one. 

After all ideas are defined, they are then reviewed and categorized into three groups: 

(1) P1, realistically possible; (2) P2, remotely possible; and (3) P3, fantasy. During this 

categorization process, the overlapping ideas are removed and grammar problems are 

corrected. The ideas in the category P1 will be evaluated in the following phase. 

4.4.6 Evaluation Phase 

The objective of this phase is to evaluate ideas and concepts generated in the creativity 

phase and finally identify the best ideas for further development in design. The 
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functional performance established in the performance specification phase is used as 

multiple criteria to assess these P1 ideas. The criteria are compared in pairs through 

the following way: (1) if they are equally important, they both get a score of two; or (2) 

the more important one is given a score of four and the less important one is given a 

score of one. Thus all criteria could impose their individual influences on each idea 

and criteria importance is distinctively reflected and respected in the idea evaluation 

process. As a result, the total weighting of each criterion is the sum of the results of 

pair comparisons. 

Matrix analysis is used to rank mutually exclusive ideas for the same function. All the 

ideas for a function in the category P1 can be evaluated against each criterion with the 

degree of satisfaction in five levels: 1, poor; 2, fair; 3, good; 4, very good; and 5, 

excellent. The score of each idea is calculated according to the following equation, 

where CWi is the weighting of criteria i, SDi is the satisfaction degree of the idea 

against criteria i, and n is the number of the criteria. The ideas with the highest scores 

will be selected for further development. 

i

n

i
i SDCWIdeaScore ×= ∑

=1

  

4.4.7 Presentation Phase 

The objective of the presentation phase is to obtain agreement and a commitment from 

the related stakeholders in order to proceed with implementation of the brief. The team 

prepares the brief, in which the client’s requirements are represented in the form of 
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FPS and ideas are summarized and recommended based on their scores. The brief is 

then presented to all decision making bodies and related interests for approval. 

4.4.8 Post-workshop Phase 

The objective of the post-workshop phase is to assure the proper implementation of the 

approved brief by design. As noted in the literature review, briefing should be treated 

as a process, not an event. Thus workshops might be conducted for strategic briefing 

or project briefing. Some revisions of the brief may be needed when design is under 

way. Table 4.1 summarizes the job plan in terms of the tasks to be conducted in each 

phase. 

Table 4.1 A VM job plan for briefing workshops 
Phases Tasks 
Pre-workshop � Define project objectives  

� Determine team composition 
� Determine study duration 
� Gather information 

Workshop Information � Introduce VM 
� Establish a shared understanding of the project 

Function 
analysis 

� Identify client’s requirements in functional terms 
� Develop these functions into a task FAST diagram 
� Weight functions 

Performance 
specification 

� Define functional performance 
� Assign flexibility to each performance item 

Creativity � Create large quantity of ideas to achieve the functions identified 
Evaluation � Rank and rate alternative ideas against relative functional performance 

� Select ideas for further development 
Presentation � Prepare a brief in the form of FPS 

� Assess and agree on the brief 
Post-workshop � Assure the proper implementation of the approved brief 
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4.5 Overview of the Conceptual Framework 

Workshops are the primary operating scenario of the briefing process in this research. 

The EMS techniques are acknowledged to contribute to workshops through four 

mechanisms (Nunamaker et al., 1991a; Dennis et al., 1997): (1) process support, which 

refers to the communication infrastructure that facilitates communication among 

members; (2) process structure, which refers to process techniques or rules that direct 

the pattern, timing or content of the communication; (3) task support, which means the 

information and computation infrastructure supplied to assist task-related activities; 

and (4) task structure, which represents techniques, rules, or models for analyzing 

task-related information. Figure 4.1 summarizes the conceptual framework of the EMS 

that is built with the four contributing mechanisms. 

 
Figure 4.1 A conceptual framework of the EMS 
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4.5.1 Process Support 

Process support is usually provided in three ways: parallel communication, anonymity, 

and group memory (Nunamaker et al., 1991a). Apart from this, media effects are 

introduced automatically when ICT are used. Parallel communication can broaden 

input into workshop processes and can also reduce the possibility that a few people 

dominate workshops. In a briefing workshop, all participants should have equal chance 

to participate and enter their information as they want, thus more information could be 

elicited than that in a traditional face-to-face workshop without EMS support. This 

mechanism will be used in the function analysis phase and the creativity phase. 

Anonymity can reduce or eliminate evaluation apprehension and conformance 

pressure, so that issues are discussed more candidly. The reduction of evaluation 

apprehension and conformance pressure may encourage active participation by 

members who may ordinarily be reluctant to contribute. Consequently key issues can 

be discussed in a more open, honest and free-wheeling environment.  

Group memory enables members to pause and reflect on information and opinions of 

others in a briefing workshop, whilst serves as a permanent record of what has 

occurred. As a result of group memory, attention blocking and memory failure are 

significantly reduced.  

Nunamaker et al. (1991a) identify three styles of process support in terms of the 

amounts of electronic and verbal interaction provided: chauffeured, interactive, and 
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supported. With the chauffeured style, only one person uses the EMS, either a team 

member or the facilitator, and verbal communication predominates. With the 

interactive style, all team members can enter information into the EMS and electronic 

communication is predominantly used. The supported style is a mixture of these two; 

team members can switch from verbal to electronic communication, or from electronic 

to verbal communication, as required. Due to the multiple disciplines involved in 

briefing and the complexity of construction projects, the supported style is adopted to 

meet the need for verbal explanation in briefing workshops. 

4.5.2 Process Structure 

Process structure is built in both global and local style. The structured job plan 

proposed earlier provides a global agenda to perform the tasks, thereby reducing the 

effects caused by coordination problems. There are two local process structures: FPS 

and nominal group technique (NGT). FPS provides a local process structure to the 

function analysis phase and the performance specification phase. As detailed in the 

next chapter, FPS provides a strategy that determines who will take control of the task 

sessions in the function analysis phase and performance specification phase. 

NGT provides a local process structure to the creativity phase and the evaluation phase. 

This technique was originally developed by Delbecq and VandeVen (1972) as a 

decision making method. First, every member of the group brainstorms ideas on the 

topics and volunteers these ideas to the group. Then, duplicate solutions are eliminated 

from the list of all ideas, and the members proceed to rank the ideas. The scores each 
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idea receives are totaled, and the idea with the highest total ranking is selected to be 

further developed. 

4.5.3 Task Support 

Task support is provided through four applications: whiteboard, chat room, CBR, and 

electronic voting. Whiteboard is a platform for collaborative work and thus allows 

more than one person to work on a shared unique graphic view, which is established 

synchronously within the team. The whiteboard is used to support tasks in the function 

analysis phase and the performance specification phase; FAST diagrams can be 

developed by using the whiteboard and performance specification can then be carried 

out based on FAST diagrams. A chat room allows participants to send electronic 

messages using either broadcast style or point-to-point style. The chat room supports 

the whole workshop process. CBR is introduced to generate recommendations of 

functions and functional performance according to the keywords given by the user. 

Thereby more information from previous similar projects is presented to team 

members in an understandable and easy-to-use manner. Electronic voting enables all 

the team members to vote on the functions in terms of their weightings. It also 

provides automatic calculations to support the function weighting task and idea 

evaluation task. Time can be saved through the immediate return of the statistical 

results of voting. 
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4.5.4 Task Structure 

Task structure is provided through two techniques: FAST and multi-criteria decision 

making (MCDM). FAST is developed to address the difficulty of reaching an 

agreement on the basic function of an assembly or component (Bytheway, 2007). It is 

used to build task structure in the function analysis phase through two mechanisms. 

First, in light of a common language created by the verb-noun rules of FAST, it 

permits people with different technical backgrounds to effectively communicate and 

resolve issues that require multi-disciplined considerations. Second, the FAST enables 

the briefing team to clarify client’s requirements by using HOW-WHY logic. When 

reading from left to right, the diagram starts from project goal and ends at the 

approaches that will achieve that goal. MCDM is adopted to help the client evaluate 

the competing ideas generated in the creativity phase. The evaluation criteria of ideas 

in this framework are functional performance items. The best ideas highlighted in the 

evaluation phase are to be further developed in design. 

4.6 Summary 

Construction briefing is wicked in terms of no definitive, or compulsory, formation of 

design problems identified in a brief; no technical stop rule; no definite evaluation 

criteria; no exhaustive set of solutions to the requirements established in a brief; 

uniqueness of construction projects; a design solution to a briefing is the result of 

performance balances; and resolution depends on explanation. Potential solutions to 



Chapter 4 A Conceptual Framework of EMS 

110 

address the wickedness of briefing are expected to be of three characteristics: 

value-oriented, performance-based, and experience-reusing. 

A new VM job plan of eight phases: pre-workshop, information, function analysis, 

performance specification, creativity, evaluation, presentation, and post-workshop, is 

proposed for briefing. Based on the job plan and the expected characteristics of 

solutions for the wicked briefing, a conceptual framework envisages the EMS to be 

built through four contributing mechanisms: (1) the process support is implemented 

through parallel communication, anonymity, group memory, and media effects; (2) the 

process structure is built with the VM job plan, FPS, and NGT; (3) the task structure is 

made up of FAST and MCDM; and (4) the task support is implemented through 

whiteboard, chat room, CBR, and electronic voting. 
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Chapter 5 A Knowledge-based EMS for Implementing VM 

5.1 Introduction 

This chapter describes the development of the knowledge-based EMS. System 

architecture is proposed to provide the roadmap for the system implementation process 

at the beginning of this chapter. Based on the system architecture, the implementation 

of the EMS and the CBR feature are detailed respectively. How to use the 

knowledge-based EMS in briefing is illustrated finally. 

5.2 System Design 

5.2.1 Overall Requirements and Architecture 

A fat-client/thin-server system architecture is proposed and illustrated in Figure 5.1 

where the arrows linking the modules indicate the directions in which data (i.e., 

functions, functional performance, ideas, and recommendations) flows. The client end 

composes six feature modules: function analysis, performance specification, creativity, 

evaluation, CBR, and instant message. They come together to implement the tasks 

defined in the structured VM job plan. Table 5.1 summarizes all the features of these 

modules. 
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Figure 5.1 A system architecture of the EMS 

Table 5.1 Features of the seven modules in the EMS 
Module Features 
Function 
analysis 

� Allow team members to define function graphically 
� Allow the authorized team member to organize the functions into a tree view 
� Allow team members to weight functions and the facilitator to finalize 

weighting results 
Performance 
specification 

� Enable the facilitator to define functional performance for key functions 

Creativity � Allow the facilitator to identify the key functions as the discussion topics 
� Allow the facilitator to assign the topics to groups 
� Enable the team members to input and edit their ideas 
� Enable the facilitator to prioritize the ideas 

Evaluation � Allow the facilitator to define idea evaluation criteria 
� Allow the facilitator to evaluate the ideas 

CBR � Provide function and functional performance recommendations to team 
members in the function analysis phase and performance specification phase 
through CBR 

Instant 
message 

� Allow a member to send instant messages to other members 

Control � Enable the facilitator to control the workshop progress 
� Allow the facilitator to group the team members 
� Allow the facilitator to authorize a team member to develop function 

hierarchy 
 

The CBR module is incorporated to provide function and functional performance 

recommendations to team members in the function analysis phase and performance 
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specification phase. Given keywords related to functions, it retrieves the relevant 

functions through semantic searching in the case base. After selecting an interested 

retrieved function (IRF), the following recommendations can be made: 

1) Functions answering the question “why to implement the IRF”, 

2) Functions answering the question “how to implement the IRF”,  

3) Functions similar or alternative to the IRF, and 

4) Functional performance could be used to evaluate the IRF. 

Table 5.2 summarizes how the four mechanisms are implemented through the seven 

feature modules. 

Table 5.2 Implementation of the four mechanisms through the seven feature modules 

Feature module 
Process 
support 

Process 
structure 

Task support 
Task 

structure 
A B C D E F G H I J K L 

Function analysis ● ● ●  ●  ●  ● ● ●  
Performance specification     ●    ●    
Creativity ● ● ●   ●       
Evaluation   ●   ●      ● 
CBR         ●    
Instant message ●       ●     
Control    ●         
A, parallel communication; B, anonymity; C, group memory; D, structured job plan; E, functional 
performance specification; F, nominal group technique; G, whiteboard; H, chat room; I, case-based 
reasoning; J, electronic voting; K, function analysis system technique; L, multi-criteria decision 
making 

In contrast to the fat client, the thin server side conducts relatively less work; it 

primarily works as a datagram transfer center through the communication layer that 

connects all client ends to the server end, receives datagram from a client end, 

distributes it to other clients, and maintains a synchronous shared view among the 
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team. The information generated in the workshop is stored at each client end. What is 

more important, the progress control is provided at the server end, which is designed 

to be operated by the facilitator. The graphic user interface (GUI), which is built with 

Windows forms and detailed in Section 5.3, interacts with the seven interconnected 

feature modules in gray background. 

5.2.2 CBR Feature Design 

The key problems addressed by CBR research and development can be grouped into 

four areas: representing cases, indexing cases, retrieving cases, and adapting cases 

(Watson, 1997). In view of the simple nature of solutions (i.e. textural expressions of 

functions and functional performance), the CBR feature uses the null adaptation 

(Riesbeck and Schank, 1989) strategy that means solutions from past cases are not 

adapted. 

Representing Cases. Typically, a case is composed of two elements (Kolodner, 1993): 

(1) the problem that describes the state of the world when the case occurred and (2) the 

solution that states the derived solution to that problem. The textual representation 

(Bergmann et al., 2005) is used here. In the CBR feature design, the problem is 

defined with two entities: (1) a function representing an aspect of the client’s 

requirements and (2) a building type, for which the function is defined. The solution is 

the recommendations pertinent to the function and the building type. The 

recommendations could be grouped two categories: (1) recommended functions 

answering question “why”, “how” and functions similar with the function in the 
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problem domain of the case, and (2) recommended functional performance. Figure 5.2 

shows the view of a typical case. 

 
Figure 5.2 Overview of a typical case 

Indexing Cases. Case indexing involves assigning indices to cases to facilitate their 

retrieval (Watson, 1997). The indexing problem has two parts: assigning labels to 

cases when they are entered into the case base and organizing cases so that searches 

through the case base can be done efficiently and accurately (Kolodner, 1993). The 

similarity and explanation-based generalization method (Watson, 1997) is used here. 

An ontology, which is a “formal, explicit specification of a shared conceptualization” 

(Gruber, 1993), is constructed to implement the similarity and explanation-based 

generalization. As one of the most influential and comprehensive information matrices, 

the information index matrix by Pena and Parshall is adapted and adopted to build the 

ontology. The proposed solution utilizes the “goals” and “concepts” columns in Pena 

and Parshall (2001) to construct the briefing domain ontology, in which “goals” means 
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what the client want to achieve, and why; whilst “concepts” means how the client 

achieve the “goals”. In each column, four considerations (i.e. function, form, economy 

and time) are made. Thus, the final ontology enables us to categorize cases into eight 

general groups: goal-function, goal-form, goal-economy, goal-time, concept-function, 

concept-form, concept-economy, and concept-time. 

In view of the practical tasks of the CBR feature, the ontology is organized into a tree 

view (see Figure 5.3) that is similar to the hierarchical structure of FPS. Two 

relationships among entities are created: abstract-concrete and motivation-action. The 

entities are abstract classes created from cases that share some common set of features. 

The two relationships essentially follow the HOW-WHY logic. In other words, the 

abstract/motivation entities answer the question “why” and the concrete/action entities 

answer the question “how”. In the example shown in Figure 5.3:  

1) Abstract entity “physical comfort” is implemented by concrete entities “aural 

comfort”, “visual comfort”, and “thermal comfort”; 

2) Abstract entity “environment controls” is carried out through concrete entities 

“noise control”, “ventilation”, and “adequate lighting”;  

3) Action entity “environmental controls” serves motivation entity “physical 

comfort”. 



Chapter 5 A Knowledge-based EMS for Implementing VM 

117 

M
O

TI
V

A
TI

O
N

A
CT

IO
N

 
Figure 5.3 Part of the ontology for case indexing 

Retrieving Cases. Similarity-based retrieval is used in the CBR feature design. In this 

situation, retrieving a case starts with a problem description and ends when the best 

matching previous case has been found. Its subtasks include: identifying case features 

and then matching, searching, and selecting cases (Watson and Marir, 1994). The 

retrieval process is implemented as follows:  

1) The user identifies features, i.e. keywords related to his or her requirements;  

2) The CBR feature semantically searches functions in the case base with keywords;  

3) The user selects the functions that he or she is interested in; finally 
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4) The CBR feature retrieves the solutions to the problem pertinent to the selected 

function in Step 3. 

The following contents describe the implementations of Steps 2 and 4 at length. The 

semantic search engine by Simpson and Dao (2005) is employed in case retrieval. This 

engine enables us to measure semantic similarity between functions stored in the case 

base and keywords entered by the user. Although, the project by Simpson and Dao 

only addresses “noun-noun”, and “verb-verb” parts of speech, it is believed to be 

adequate for the current CBR feature in that functions are primarily defined in the 

form of “verb + noun”.  Appendix 2 details the algorithm of calculating the semantic 

similarity between two sentences. 

Step 4 in case retrieval is implemented through the abstract-concrete and 

motivation-action relations. The abstract-concrete relation allows us to find out the 

similar functions to the selected function in Step 3; it sees the “siblings” of the 

function as its similar functions. The motivation-action relation is employed to retrieve 

functions answering “why” and/or “how” from the causal perspective. As a result, four 

types of case retrieval approaches can be built as follows (see Figure 5.4): functions 

answering “why”, similar functions, functions answering “how”, and functional 

performance. 
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Figure 5.4 Four types of approaches to retrieving cases 

5.3 System Implementation 

5.3.1 Overall Implementation 

Two potential options for the implementation of the EMS are considered: the first 

option is to build the EMS based on the web-based IVMS mentioned earlier; the 

second option is to use and customize commercial applications. However, both of 

them are abandoned due to the following considerations. 

1) When trying to maintain a synchronized group memory, the efficiency of the 

IVMS is undermined because the IVMS has to constantly monitor the Microsoft 

Internet Information Server there is any new information to be synchronized. 

2) There are no existing features in the IVMS and no existing commercial 

applications that are able to support the real-time drawing of FAST diagrams in a 
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collaborative environment. Although these two options can be extended to 

embody the features for drawing FAST diagrams, it will jeopardize the stability 

and maintainability of the system. 

3) Time and finance allocated to the research project require the implementation of 

the EMS to be quickly finished at minimal expense. 

Table 5.3 Development and use environments of the EMS 
Item Development environment Use environment* 
Hardware Intel Pentium 4 CPU 2.80GHz, 

1.50GB of RAM 
CPU 1.0GHz, 512MB of RAM 

Software Microsoft Windows XP Version 
2002 Service Pack 2, 
Microsoft .NET Framework 3.5, 
Microsoft Access 2003, Microsoft 
Visual Studio 2005 EN 

Microsoft Windows XP Version 
2002 Service Pack 2, 
Microsoft .NET Framework 3.5, 
Microsoft Access 2003 

Programming 
language 

C#  

*: minimum requirements. In addition, the network is necessary to build the collaborative 
environment, in which each terminal is connected. 

Consequently, the EMS is implemented using the programming language C# in the 

Microsoft Visual Studio 2005 with the .NET Framework 3.5, which enables fast 

creation of Windows applications. Table 5.3 summarizes the implementation 

environment and use environment of the EMS.  

The seven feature modules of the EMS are implemented through nine floating 

Windows forms:  

1) FAST Diagram form, a whiteboard built for the function analysis module.  

2) Functional Performance form, a data grid view built for the performance 

specification module. 
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3) CBR form and Case Library form are developed for the CBR module. 

4) Task Management form is built to identify key functions as tasks and assign them 

to groups in the creativity and evaluation phases. 

5) Creativity form is built for the creativity module. 

6) Evaluation form is implemented for the evaluation module. 

7) Chat Room form is implemented for the instant message module. 

8) FPS Server form is created for the control module. 

Figure 5.5 summarizes the relationships between the feature modules and the 

Windows forms. In addition, Microsoft Access 2003 and eXternal Mark Language 

(XML) are used for the data storage due to their compatibility with other 

Windows-based applications, such as Microsoft Word and Microsoft Excel, and their 

transfer abilities. The communication module is implemented with the asynchronous 

socket, through which the server can process connection requests from clients as well 

as receive data from client ends by running multiple threads. Thus information from a 

member can be sent to others promptly and conversely information from others can be 

received synchronously. Section 5.4 details how to use the EMS in a briefing 

workshop. 
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Figure 5.5 System implementation 

5.3.2 CBR Feature Implementation 

The CBR feature is implemented on Microsoft Windows XP with Microsoft .NET 

Framework 3.5. The case base is stored in Microsoft Office 2003 Access with regards 

to the flexibility and cost of the system deployment and configuration. The integrated 

development environment (IDE) is Microsoft Visual Studio 2005 EN.  

Authoring Cases. A case base administrator is implemented to author cases for the 

CBR feature. The user of the case base administrator may be a knowledge engineer 

who is responsible for retaining new cases, updating existing cases, and deleting 

inadequate cases. A snapshot of the main interface of the case base administrator is 
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shown in Figure 5.6, in which six feature areas are designed. These are an indexing 

tree, address of cases, existing functions, existing function performance, new functions, 

and new functional performance. After adding a new entity into the indexing tree or 

simply selecting an existing node (entity) in the indexing tree, the address of cases can 

be located. The hierarchy of the indexing tree is established based on the 

“abstract-concrete” relationship. When an existing node is selected, the existing 

functions and functional performance attached to it, if any, are shown promptly in 

relevant feature areas. 

After entering the new cases, the next step is to establish the “motivation-action” 

relationship between the newly added entities. The interface for establishing case 

relations is shown in Figure 5.7, in which four feature areas are designed: client path, 

service path, existing relations, and new relations. Client paths represent addresses of 

motivation entities and service paths reflect addresses of action entities. Once a path is 

identified as either client or service, the existing relations with it will be shown in the 

existing relations area for reference. The case base administrator can also use it to 

manage the existing entity relations by adding, changing, or deleting them. 

Recommending solutions. The case-based reasoner is the key component in the CBR 

feature for generating recommendations responding to queries of the user. A snapshot 

of the interface of the case-based reasoner is shown in Figure 5.8. There are six feature 

areas in the interface: searching area, results found, functions answering “why”, 

similar functions, functions answering “how”, and functional performance. 
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Figure 5.6 Interface of the case base administrator 

 
Figure 5.7 Interface of establishing motivation-action relations 
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Figure 5.8 Interface of the case based reasoner 

The searching area consists of keywords of function, building type, and semantic 

similarity. The case-based reasoner semantically searches the case base with building 

type and semantic similarity as filter conditions. Here, semantic similarity is a 

threshold controlling the minimum semantic similarity between the keywords input 

and the functions stored in the case-base. Only those functions with greater semantic 

similarity than the threshold will be returned. Selecting any retrieved function will 

trigger the case retrieval process. That is, the related functions and functional 

performance to the selected function will be shown in the relevant areas. As an 

example, Table 5.4 shows the solution generated by the CBR feature to the function 

“ensure aural comfort”. 
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Table 5.4 An example: the proposed solution to “ensure aural comfort” 
Suggestions Relations 

Functions answering “why” Create physical comfort Abstraction 
Alternative/Similar 
functions 

1. Ensure thermal comfort Abstraction 
2. Ensure visual comfort Abstraction 

Functions answering “how” 1. Reduce noise Causal 
2. Minimize noise Causal 

Functional performance 1. Room acoustics with limited background noise 
and suitable reverberation time should be designed 
for speech intelligibility 

Abstraction 

2. Distance between teachers and students should 
be minimized as much as practical 

Abstraction 

3. Sound absorption surfaces to reduce 
reverberation are best to be located at edges and 
the end wall of the classroom to achieve a balance 
between sound reflection and absorption and to 
avoid reflecting echo 

Abstraction 

4. Sound-absorbing materials are used to minimize 
noise  

Causal 

5.4 Use of the EMS 

A briefing workshop team usually consists of a facilitator and team members from 

organizations or departments with a stake in the project. The facilitator uses a client 

end and the server end. The server end can be installed in the same terminal where the 

client end resides, or in an independent terminal. Team members use client ends that 

connect with the server end and share a view synchronously. Beside the shared view at 

the client ends, the projector connecting to the client end of the facilitator provides 

another shared view to the briefing team. Figure 5.9 illustrates a typical workshop 

supported with the EMS. 



Chapter 5 A Knowledge-based EMS for Implementing VM 

127 

 
Figure 5.9 A scenario of briefing workshops supported by the EMS 

5.4.1 Preparation 

The first step for using the EMS in the briefing workshop is to create the virtual 

collaborative work environment by connecting the server and all client ends to the 

network. Figure 5.10 shows a snapshot of the screen of the server. The server is started 

to accept the connection requests from client ends. After all members are connected to 

the server, the facilitator can categorize the members into different groups. In this 

system, there is a maximum of eleven groups, consisting of nine ordinary groups for 

team members, a facilitator group for the facilitator, and an ICT support group for 

providing ICT support online. 
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Figure 5.10 Screen snapshot of the server end 

For the reason that there are different operation rights of the system for different tasks, 

ten phases are designed and implemented in the EMS: function definition, function 

hierarchy, pre function weighting, function weighting, post function weighting, 

performance specification, pre idea generation, idea generation, post idea generation, 

and idea evaluation. Figure 5.11 illustrates the mapping relationships between the 

phases in the structured job plan and those in the EMS. Figure 5.12 summarizes the 

tasks performed by the roles in the EMS with a cross-functional flow chart. The 

contents below describe how to use the EMS in a briefing workshop. 

P1: Function 
definition

P2: Function 
hierarchy

P3: Pre 
function 

weighting

P4: Function 
weighting

P5: Post 
function 

weighting

P6: 
Performance 
specification

P7: Pre idea 
generation

P8: Idea 
generation

P9: Post idea 
generation

P10: Idea 
evaluation

Function Analysis Performance 
specification Creativity Evaluation

PHASES IN THE GDSS

PHASES IN THE STRUCTURED JOB PLAN

 
Figure 5.11 Ten phases in the EMS 
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Figure 5.12 Cross-functional flow chart of using the EMS in a briefing workshop 

5.4.2 Use in the Function Analysis Phase 

Function analysis is supported by the FAST Diagram form (illustrated in Figure 5.13), 

which is developed according to the operation and construction rules of FAST. The 

FAST Diagram form is implemented to support three primary tasks, i.e., define 

functions, develop function relationships, and weight functions. 
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Figure 5.13 Screen snapshot in the phase of function analysis 

Define functions. This task is to identify and represent client’s requirements as 

functions. All members are encouraged to express ideas by an active verb and 

measurable noun. The verb answers the question, “what is it to do” and the noun 

answers the question, “what does it do it to” respectively. The FAST diagram form 

provides two ways to draw new functions, either directly or by referring to existing 

functions. The first method enables a member to add a new function directly without 

referring to any existing function. The second method allows the member to generate a 

new function according to the relationship between an existing function and the new 

one. This relationship could be either elder sibling, younger sibling, oldest child, 

youngest child, or father. At this point, functions can only be edited by the member 
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who defined them. In performing this task, members can access the CBR and the Case 

Library to acquire the recommendations concerning functions. 

Develop function relationships. This task is to organize functions into a task FAST 

diagram by using the HOW-WHY logic. In the EMS, a team member is authorized by 

the facilitator to conducts this task. The team member has the authority to edit any 

function regardless of who defined them. The FAST diagram form offers two 

approaches to developing function relationships. The first approach is described in the 

task of defining functions. When an existing function is selected and the buttons for 

creating new functions in the toolbar of the FAST diagram form is clicked, the new 

function is created and simultaneously the relationship between the existing one and 

the new one is built automatically. The second approach involves dragging and 

dropping a function. A function is invisibly divided into five sense areas as shown in 

Figure 5.14. Each of the sense areas of a function represents the potential relationships 

between the function being moved and the function itself. When a function is moved 

into a sensor area of another function, a relationship between them will be built 

automatically after dropping the moved one. 

 
Figure 5.14 Five sensor areas of a function in the FAST Diagram form 
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Weight functions. This task is to assign weightings to functions. The total weighting 

used in this study is one. The tree root has all weighting, namely one point, which is 

distributed to primary functions and further to secondary functions. The first step is to 

finalize the FAST diagram. The facilitator can add new functions and also modify or 

remove functions, if needed, regardless of who created them. What is more important, 

he can identify a function as the root of the FAST diagram, which usually is the 

general objective of the project. After the root function is identified, all other functions 

in the FAST diagram are normalized; they are numbered automatically and can be 

weighted now. The second step is for all team members to weight the functions. The 

system provides a slide bar to fine-tune the weighting of each function and a context 

menu to distribute the weighting to its children functions, if any. Finally, after 

weightings are assigned to all functions and the weighting results are submitted, the 

facilitator gets average weighting of each function, which equals to the quotient of the 

sum of all weightings assigned to a function and the number of the participants who 

weighted it. The calculation of average weightings is carried out automatically at the 

client end operated by the facilitator. The facilitator has the authority and 

responsibility to finalize the weighting results according to these average weightings. 

5.4.3 Use in the Performance Specification Phase 

The primary objective in the performance specification phase is to define functional 

performance for key functions. That means that not all functions have direct evaluation 

criteria. The rule for evaluating the functions without direct evaluation performance is 
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to use the ones defined for the higher level functions. The Performance Specification 

form is built with the data grid control as shown in Figure 5.15. There are three 

elements of each performance item, including criteria, level, and flexibility. In this 

phase, the facilitator has the exclusive right to define functional performance by 

referring to the information entered by team members in the Chat Room. 

Recommendations of functional performance can be obtained at this point. 

 
Figure 5.15 Screen snapshot in the phase of performance specification 

5.4.4 Use in the Creativity Phase 

The creativity phase is the most exhilarating stage, in which team members compile an 

abundance of ideas regarding alternative ways to achieve the various functions 

highlighted from the function analysis phase. First, the facilitator narrows the scope of 
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the functions according to functional weightings. The Task Management form (shown 

in Figure 5.16) provides a feature to enable the facilitator to select the interesting 

functions quickly. The task assignment operation can also be carried out in the Task 

Management form in the manner of dragging and dropping task items. Second, after 

assigning tasks, members can enter ideas for the functions assigned to his or her group. 

Clicking any function in the Task Management form identifies the functions as the 

discussion topic for which ideas can be put forward. After this, all ideas generated are 

reviewed and categorized into three groups: P1, realistically possible; P2, remotely 

possible; and P3, fantasy. The ideas in the category P1 will be evaluated in the 

following phase. 

 
Figure 5.16 Screen snapshot in the phase of creativity 
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5.4.5 Use in the Evaluation Phase 

The purpose of the evaluation phase is to judge the ideas in the category P1 by using 

MCDM. The Evaluation form is shown in Figure 5.17. First, evaluation criteria should 

be identified to evaluate the ideas. The functional performance items can be used as 

criteria. The facilitator can also add, modify, or remove the criteria for the functions in 

the Task Management form. Second, criteria are compared in pairs. Finally, all the 

ideas of a function in the category P1 can be evaluated against each criterion and 

assigned a degree of satisfaction. The total score of each idea is automatically 

calculated as the sum of all products of each satisfaction level and the relevant 

criterion weighting. The idea with the highest score is identified to be further 

developed in design. 

 
Figure 5.17 Screen snapshot in the phase of evaluation 
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5.5 Summary 

The fat-client thin-server system architecture is adopted to build the EMS. The client 

end is composed of six feature modules: function analysis, performance specification, 

creativity, evaluation, recommendation, and instant message. In contrast, the thin 

server side conducts relatively less work; it primarily works as a datagram transfer 

center through the communication layer. The feature modules are implemented 

through nine floating Windows forms: FAST Diagram, Functional Performance, CBR, 

Case Library, Task Management, Creativity and Evaluation.  

The CBR feature design considers three elementary CBR system design issues: 

representing cases, indexing cases, and retrieving cases. Textural representation is 

used and finally a case is composed of: (1) the problem described with a function and 

the building type, and (2) the solution including related functions and functional 

performance to the function of the problem part. The similarity and explanation-based 

generalization is used to index cases through an ontology that is created according to 

the information index matrix by Pena and Parshall. The similarity-based retrieval is 

used in the CBR design through four steps: identifying keywords, semantically 

searching functions, selecting functions, and retrieving solutions. 

Before using the CBR feature in briefing, there should be enough cases in the case 

base. To author cases, a case base administrator is implemented. A knowledge 

engineer is expected to be responsible for retaining new cases, updating existing cases, 

and deleting inadequate cases. Finally, the case-based reasoner is implemented to 
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generate recommendations of functions and functional performance according to the 

input of users. 
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Chapter 6 System Evaluation 

6.1 Introduction 

This chapter introduces the performance evaluation of the EMS and the CBR feature. 

The separated evaluation acknowledges that the different objectives for which they are 

developed and that the respective complexity of the two systems require different 

methods for performance assessment. The EMS was measured through two field 

studies and an experimental study, and the CBR feature was evaluated through 

technical analysis and expert evaluation. 

6.2 EMS Evaluation 

To date, field studies and laboratory experiments have been the most commonly used 

methods in the study of EMS (Dennis, 1990). The legitimacy of results from 

laboratory studies to the use of EMS has been challenged by field researchers. This is 

because the laboratory setting, the use of students as subjects, and the nature of 

experimental tasks are often different from those encountered in the real life projects. 

While laboratory studies may have internal validity, they may lack external validity. In 

contrast, the difficulty in attributing the observed outcomes in field settings has led to 

the use of field studies coming under fire. Field studies often introduce other factors 

not related to the research design and these factors affect the observed outcomes. 

These two kinds of methods are both used to complementally evaluate the EMS. 
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6.2.1 Field Study 1 

Task and scenario. The first opportunity to assess the performance of the EMS was a 

VM workshop for a mountain bike track to be constructed in Hong Kong. The 

workshop involved 66 participants from governmental departments, parliamentary 

delegation, local villages and environmental protection organizations, mountain bikers, 

mountain hikers and professional consultants. These people were randomly separated 

into six groups and each group was equipped with a terminal where the client end of 

the EMS was installed. One member of each group was selected to enter the 

information generated from the discussions of his group. The facilitator operated a 

terminal installed with a client end and the server end, which enabled him to check and 

control the whole workshop progress. Figure 6.1 shows the scenario of this field study. 

 

Figure 6.1 The scenario of Field Study 1 

Procedure and results. The workshop lasted a whole day and the following phases 

were completed: information, function analysis, creativity, evaluation, and 

presentation. It is necessary to point out that the VM workshop primarily focused on 
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the last three phases (creativity, evaluation, and presentation) since the function 

analysis had been carried out in a previous VM workshop. The function analysis phase 

in the workshop for the field study just revised the defined functions. Therefore the 

EMS was only used during these phases.  

Table 6.1 Summary of the feedback questionnaire survey 1 
Statements asked in questionnaire Average rating 
Established an atmosphere for teamwork by maintaining synchronously a 
common view of all relevant information. 

3.853 

Encouraged all members to participate and maintained equal opportunity for 
all. 

4.088 

Encouraged creative thinking. 3.794 
Promoted comprehensive evaluation of all proposed solutions, both on the 
positive and negative consequences. 

3.411 

Integrated related ideas or suggestions and facilitated the team to arrive at 
consensus on a solution. 

3.529 

Prompted open discussion of substantive conflicts. 3.971 
Recorded important information, ideas, and decisions promptly and accurately. 3.941 
Contributed to the successful completion of the VM workshop. 3.824 
1: strongly disagree; 2: disagree; 3: neutral; 4: agree; 5: strongly agree. 
 

At the end of the workshop, 49 participants (17 participants left prior to the end of the 

workshop for personal reasons) were invited to complete a questionnaire containing 

eight statements about the performance of the EMS. In total 34 (69.4%) pieces were 

collected and the average rankings with respect to eight specific statements are 

illustrated in Table 6.1. The lowest average score (3.411) score was given to the 

statement concerning evaluations of ideas. This was most likely due to the fact that 

there were too many ideas (152 ideas for 18 topics were generated by the big team) to 

be evaluated completely and thus further evaluation was needed.  
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6.2.2 Field Study 2 

Task and scenario. The second field study was an integrated workshop procedurally 

including three sessions (partnering, VM and RM), which is for the design and 

construction of rank and file quarters for Immigration Department at Wo Yip Hop 

Road, Kwai Chung, Hong Kong. A total of 29 participants from the client 

(Immigration Department), the relevant government department (Architectural 

Services Department), the contractor (Shui On Construction Co. Ltd.), the architect 

(Chung Wah Nan Architects Ltd.), the consultant (Northcroft Hong Kong Ltd.) etc. 

presented in this workshop. To ensure the knowledge and experience structure of each 

group covering a wider area, four groups were carefully created by separating those 

people from the same stakeholder. Just like Field Study 1, each group was equipped a 

terminal where the client end of the EMS was installed and one member was 

responsible to record the output of his or her group. An independent terminal installed 

with the server and the client of the EMS was operated by the facilitator. Figure 6.2 

shows the scenario of this field study. 

 

Figure 6.2 The scenario of Field Study 2 
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Procedure and results. One and a half day were allocated to this workshop. As 

mentioned above, the first session of this workshop focused on partnering among the 

stakeholders. At the beginning, partnering goals and objectives as a common task was 

conducted by all groups. A sum of 19 goals and objectives were identified and, in 

succession, assigned as new tasks to each group in order to generate ideas to achieve 

them. Consequently, 84 ideas were created. Then these ideas were evaluated and 

clustered, and developed into the final proposal. After that, a management framework 

consisted of a partnering performance evaluation matrix and a management structure 

identifying the roles and responsibilities of relevant stakeholder was built. Finally, an 

action plan was developed and agreed to be taken after the workshop. The idea 

generation feature of the EMS was the major feature used throughout this session. 

The second session was a VM session. First, in the information phase, a total of 34 

givens were identified. The open space between the two blocks of the building was 

identified as the only improvement area by the client. Second, 5 functions were 

identified to represent the requirements on this area. In theory, a FAST diagram should 

be created in this phase. However the room for value improvement was limited since 

this project had entered the construction stage and the majority of the building design 

work had been done. As a result, the function “create a focal point” was identified as 

the task for the following creativity phase. Third, a sum of 102 ideas was generated to 

achieve this function and 54 ideas were marked as P1 (realistically possible). The 

evaluation phase was conducted in a special format owing to the limited time; each 

group was asked to generate an integrated proposal based on the P1 ideas. 
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The final session was a RM session. The first step was risk identification and 31 risks 

were identified under 7 categories. The second step was identifying probability and 

consequence impact for each risk in a qualitative format. Consequently, a list of 

ordered risks was established with respect to the probabilities and consequence 

impacts. In the third step, these risks were randomly assigned to each group to propose 

measures to address them and finally 49 measures were identified. In this session, the 

creativity feature was used in risk identification and measure identification.  

At the end of this workshop, the questionnaire used in Field Study 1 was used after 

some minor revisions to collect the feedbacks from the participations. In total 19 

pieces of questionnaire were collected and the average rankings are illustrated in Table 

6.2. The lowest score (3.684) was assigned to the statement related to the promotion of 

open discussion of substantive conflicts. This might be the short time period allocated 

to the integrated workshop. One of the answers to the question “what are your 

comments or suggestions to improve it (the workshop)” was “in fact, the duration is 

too short”, which indicates that, even aided with the EMS, adequate time allocated to 

this kind of integrate workshops is critical.  

Nevertheless, the evaluation results illustrated that the EMS satisfied the objectives for 

which it was designed and implemented; in other words, the EMS can facilitate the 

implementation of VM through providing progress structure, process support, task 

structure and task support. The second field study also proves that this EMS is useful 

in other situations, e.g. partnering workshop and RM workshop. 
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Table 6.2 Summary of the feedback questionnaire survey 2 
Statements asked in questionnaire Average rating 
Established an atmosphere for teamwork by maintaining synchronously a 
common view of all relevant information. 

4.053 

Encouraged all members to participate and maintained equal opportunity for 
all. 

3.842 

Encouraged creative thinking. 3.895 
Promoted comprehensive evaluation of all proposed solutions, both on the 
positive and negative consequences. 

3.784 

Integrated related ideas or suggestions and facilitated the team to arrive at 
consensus on a solution. 

4.000 

Prompted open discussion of substantive conflicts. 3.684 
Recorded important information, ideas, and decisions promptly and accurately. 4.105 
Contributed to the successful completion of the integrated workshop. 3.842 
1: strongly disagree; 2: disagree; 3: neutral; 4: agree; 5: strongly agree. 

6.2.3 Experimental Study 

Variables and hypotheses. An experiment was designed to investigate the effects of 

the knowledge-based EMS on using VM in briefing. In this experiment, the outcomes 

from the tasks in the function analysis phase and creativity phase were examined in 

light of the importance of these two phases in the proposed structured job plan. The 

independent variable was the existence of the EMS. Two teams (one EMS-supported 

team and one non-EMS-supported team) were formed for the experiment. The 

dependent variables were the numbers of unique functions and ideas. As a result, three 

null hypotheses were formulated as follows: 

H1: In the function analysis phase, there is no significant difference in the means 

of the numbers of the primary functions produced by the EMS-supported team and 

the traditional team. 
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H2: In the function analysis phase, there is no significant difference in the means 

of the numbers of the secondary functions produced by the EMS-supported team 

and the traditional team. 

H3: In the creativity phase, there is no significant difference in the means of the 

numbers of the realistically possible ideas produced by the EMS-supported team 

and the traditional team. 

Tasks. This experiment was a trial briefing workshop for the Phase 8 Development of 

the HK Polytechnic University Campus. The Phase 8 development is proceeding 

actively at the moment. It is originally designed to be located at the “Former Livestock 

Depot”, northwest of the existing campus. The anticipated move-in date is the end of 

2012. Upon completion, the development will provide approximately 25,600 m2 net 

floor area for the implementation of the new “3+3+4” academic system and other 

academic development. It will provide general teaching facilities including lecture 

theatres and classrooms; teaching and research laboratories; conference facilities; 

office accommodation; and facilities including a cafeteria, a studio lounge and 

activities rooms. The VM-based briefing workshop was conducted to gain wider 

public consultation for this new project. 

Subjects and procedures. The subjects were 72 part-time postgraduate students 

enrolled in a VM course at the Hong Kong Polytechnic University. An integrated 

component of the course is a trail VM workshop. Under the project scenario, each 

student was assigned a role to form a team of relevant stakeholders in the project. The 
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stakeholders may involve representatives from the Campus Planning Office, the 

President, the secretary of the President, senior executive officers of various 

departments, consultant architects, consultant structural engineers, consultant building 

services engineering, consultant landscape architects, consultant quantity surveyors, 

potential contractors, and representatives from the student unions, etc. 

Subjects were randomly assigned either to the experimental team (36 students) 

supported by the knowledge-based EMS or to the controlled team (the other 36 

students) that would use the traditional face-to-face meeting method. The two teams 

were assigned with the same task described above. They were to follow a one-day VM 

job plan consisting of the information phase, the function analysis phase, the creativity 

phase, the evaluation phase, and the presentation phase. Each team was divided into 

four groups. For the team operating under the experimental condition, each group was 

equipped with a terminal in which the client end of the EMS resided. The facilitator 

operated a terminal installed with the client end and the server end.  

Results. The outcomes generated by each team were independently evaluated by three 

VM experts from the Hong Kong Institute of Value Management. Each expert 

independently identified the functions and ideas produced by the two teams. The 

duplicated functions were required to be removed and each unique function was 

finally categorized into primary functions and secondary functions. It is to be noted 

that the categorization of functions did not refer to the FAST diagrams developed in 

the workshop since the incompleteness of these diagrams caused by the limited time 
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allocated to the function analysis phase. The numbers of functions were recorded after 

reduction and categorization. The ideas were also required to be reduced and 

categorized independently. Following the categorization methods proposed in the VM 

job plan, all ideas were reviewed and categorized into three groups: P1, realistically 

possible; P2, remotely possible; and P3, fantasy. The numbers of ideas in group P1 

were then recorded. 

Table 6.3 presents a summary of the means, standard deviations and results from the 

t-Tests. According to the inferential statistics, whenαis 0.05, H1, H2, and H3 are all 

rejected. There are statistically significant differences between the two teams with 

respect to the means of the numbers of primary functions (p = 0.035 < 0.05), 

secondary functions (p = 0.010 < 0.05), and realistically possible ideas (p = 0.028 < 

0.05). Thus it can be concluded that the use of the EMS has significantly, positively 

influence on the implementation of VM in briefing. 

Table 6.3 Tests of hypotheses 

Item 
Traditional team EMS-supported team 

t-Test 
E1 E2 E3 Mean SD E1 E2 E3 Mean SD 

F1 9 12 11 10.7 1.5 16 13 19 16.0 3.0 0.035 <0.05 
F2 17 22 20 19.7 2.5 43 35 49 42.3 7.0 0.010 <0.05 
P1 54 61 57 57.3 3.5 97 72 84 84.3 12.5 0.028 <0.05 
F1: Number of primary functions; F2: Number of secondary functions; P1: Number of realistically 
possible ideas; E1: Expert 1; E2: Expert 2; E3: Expert 3; SD: Standard deviation. 

It is noteworthy that, within the same time (1 hour for function analysis, and 1 hour for 

idea generation), the numbers of all functions and ideas produced by the 

EMS-supported team (111 functions and 170 ideas) are significantly higher than those 

produced by the traditional team (34 functions and 61 ideas). It is illustrated that the 
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EMS can significantly improve the efficiency of implementing VM in briefing. It is 

also supported that the EMS can increase participation and interaction of briefing team 

members. However, it is evident that there is much duplication both among functions 

and among ideas produced by the EMS-supported team as the total numbers of 

functions increase.  

6.3 CBR Feature Evaluation 

Statistical evaluation is an ideal method of investigating a system’s performance in 

different application contexts. But this method is difficult to apply to CBR because of 

the typical complexity of CBR applications (Kolodner, 1993; Aamodt and Plaza, 

1994), namely the complexity of the CBR feature itself, and the fact that the task 

domain where it operates is also complex and ill-structured. Technical analysis and 

expert evaluation are therefore selected as the methods to evaluate the CBR feature. 

6.3.1 Technical Analysis 

Case base coverage is used as the technical perspective to evaluate the CBR feature. 

The matrixes of case base coverage proposed by Smyth and McKenna (1998) are 

employed to measure the competence of the CBR feature. With regards to the 

characteristics of the CBR feature, there are some interpretations of the elements 

different from the definitions by Smyth and McKenna. The adapted definitions of the 

elements in the evaluation matrix are as follows: 

1) Case Density: The density of cases is defined and used to evaluate the individual 



Chapter 6 System Evaluation 

149 

competence contribution of a single case in a case group (Smyth and McKenna, 

1998). A case within a dense collection is believed to have lower competence 

contribution than one within a sparse group; dense groups contain greater 

redundancy than sparse groups. The local density of a case c within a case group 

G is formulated as Equation 1, where Sim(c, c’) is the semantic similarity between 

the entities, to which the case c and the case c’ is attached, and |G| is the number 

of cases in group G. If there is only one case in a case group, the local density of 

the case is set as 1. 
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2) Competence Groups and Group Coverage: A collection of related cases that share 

coverage constitute a competence group (Smyth and McKenna, 1998). In my case 

base, there are 74 competence groups within the case base; they are the entities 

that constitute the information matrix. In this sense, group density is defined as the 

average case density of the group (see Equation 2) and group coverage is 

formulated as Equation 3 in light of its direct proportion to group size and inverse 

proportion to group density. 
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3) Case Base Coverage: To this end, case base coverage is relatively straightforward 

and defined as the total coverage of the competence groups C = {G1, G2, …, Gn} 
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by Equation 4. 
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Table 6.4 Case sources 
Year Title Author 
2008 DQI Briefing tool user guide, version 1.0 CIC 
2004 21st century libraries: Changing Forms, Changing Futures. CABE 
2005 Picturing school design: A visual guide to secondary school buildings and 

their surroundings using the Design Quality Indicator for schools 
CABE 

2006 Better places to work CABE 
2007 Guidance on tall buildings CABE 
2008 Building for Life: Delivering great places to live CABE 
2008 Building for Life: Evaluating housing proposals step by step CABE 
2009 Good design: The fundamentals CABE 
2005 Standard Classification for Serviceability of an Office Facility for Support for 

Office Work 
ASTM 

2005 Standard Classification for Serviceability of an Office Facility for Meetings 
and Group Effectiveness 

ASTM 

2005 Standard Classification for Serviceability of an Office Facility for Layout and 
Building Factors 

ASTM 

2005 Standard Classification for Serviceability of an Office Facility for Location, 
Access and Wayfinding 

ASTM 

CIC: the Construction Industry Council, http://www.dqi.org.uk/ 
CABE: Commission for Architecture and the Built Environment, http://www.cabe.org.uk/ 
ASTM: ASTM International, http://www.astm.org/ 

The case base is constructed through distilling cases taken from the principal literature 

listed in Table 6.4. Consequently 345 cases are retained into the case base and these 

cases are classified into 74 competence groups, which are categorized into the eight 

general groups. The coverage scores of the case base are shown in Table 6.5 and the 

coverage distribution of the competence groups is shown in Figure 6.3. The three 

biggest general groups (i.e. goal-function, goal-form, and concept-form) account for 

69% coverage of the total case base. The competence group coverage scores fluctuate 

greatly; the mean of the average group coverage scores is 2.474, but the standard 
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deviation of them is 1.229. Compared with the spread-out average group coverage 

scores, the average case coverage scores are relatively uniform; the mean and standard 

deviation is 0.531 and 0.063 respectively. 

Table 6.5 Case base coverage 

General Group 
Count of 

Competence 
Groups (a) 

Count of 
Cases (b) 

Group 
Coverage 

(c) 

Average 
Group 

Coverage 
(c/a) 

Average 
Case 

Coverage 
(c/b) 

1. Goal-Function 13 73 40.99 3.153  0.562  
2. Goal-Form 12 74 41.62 3.468  0.562  
3. Goal-Economy 8 23 10.62 1.328  0.462  
4. Goal-Time 6 9 4.89 0.815  0.543  
5. Concept-Function 11 42 25.57 2.325  0.609  
6. Concept -Form 11 98 43.95 3.995  0.448  
7. Concept -Economy 7 16 9.28 1.326  0.580  
8. Concept -Time 6 10 6.16 1.027  0.616  
Total 74 345 183.08 2.474  0.531  
Standard deviation of average group coverage: 1.229 
Standard deviation of average case coverage: 0.063 

 
Figure 6.3 Coverage distribution of competence groups 
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The fluctuated average group coverage scores indicate that the cases of the CBR 

feature focus on goal-function, goal-form, and concept-function. The inadequate case 

accumulation in the economy and time categories identifies the direction of the future 

work on case authoring; the future case authoring should pay more attention to these 

two inadequate categories.  

6.3.2 Expert Evaluation 

Expert evaluation involves inviting domain experts to use the system and report back 

their subjective assessments (Cohen and Howe, 1989). Five experts related to the 

construction industry were invited to participate in the experiment. They are all 

familiar with VM. The combination of the two most relevant domains (i.e. 

construction and VM) is expected to ensure the validity of the evaluation. Table 6.6 

shows the profiles the experts. 

Table 6.6 The profiles of the five experts 
Expert Profile 
No. 1 Assistant professor, member of HKIVM, 9 years’ experience of VM 
No. 2 Project fellow, member of HKIVM, 7 years’ experience of VM 
No. 3 Postdoctoral fellow, member of HKIVM, 7 years’ experience of VM 
No. 4 Architect, fellow of HKIVM, 15 years’ experience of VM 
No. 5 Project manager, familiar with VM, 20+ years’ experience in construction  
 

Before turning to the evaluation equations of the percentages of problem solving 

successes and the performance of recommendations, it is necessary to clarify two basic 

elements of the general CBR process: event and session. According to Olmo and 

Gaudioso (2007), an event is a call to the system provoked by an action performed by 

the user. In our study, the action consists of two steps: the first is inputting keywords 
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and the second is selecting an interesting function returned by the CBR feature. A 

session s(u) is a set of closed events provoked by a user u. 

Recommendation items are classified into three categories: 

1) P1: the items with preference P1 are those that can be directly. A recommendation 

is successful when it is of preference P1. 

2) P2: the items with preference P2 are those that can be used after some revisions, 

or that can work as inspiration to elicit adequate requirement definitions. 

3) P3: the items with preference P3 are those that cannot be used. 

Therefore, in a session s, the percentage of problem solving successes is formulated as 

Equation 5 and the performance of recommendations as Equation 6. In these two 

equations, n represents the number of successful recommendations, |R| the number of 

recommendations, and |E| the number of events. 

( ) ( )%
R
nscentageSuccessPer =  (5) 

( )
E
nsePerformanc =  (6) 

Each expert was asked to evaluate around 10 events and then to evaluate the 

competence of the recommendations. The difference of their experience and 

knowledge might cause discrepancy among evaluations. To reduce the influence of the 

discrepancy, the average results were used to evaluate the performance of the CBR 

feature. The results of the experiment are shown in Tables 6.7 and 6.8. They shows 

that the performance of the CBR feature is acceptable referring to 65% and 69% 
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problem solving successes on functions and functional performance recommendation 

respectively. However, compared with the score of the recommendation performance 

of functions (3.62), the score of the functional performance (1.85) demonstrates that 

more functional performance items should be identified and retained to the case base. 

Table 6.7 Success percentage and performance of function recommendations 
Expert No. 1 No. 2 No. 3 No. 4 No. 5 Avg. 
Count of Events 12 11 10 10 10 10.6 
Count of P1 Functions  33 43 25 49 42 38.4 
Count of P2 Functions  16 21 20 7 23 17.4 
Count of P3 Functions  1 9 6 0 2 3.6 
Success Percentage 66% 59% 49% 88% 63% 65% 
Performance 2.75 3.91 2.50 4.90 4.20 3.62 
 
Table 6.8 Success percentage and performance of functional performance recommendations 
Expert No. 1 No. 2 No. 3 No. 4 No. 5 Avg. 
Count of Events 12 11 10 10 10 10.6 
Count of P1 Function Performance Items 19 17 20 13 29 19.6 
Count of P2 Function Performance Items 5 13 8 0 17 8.6 
Count of P3 Function Performance Items 0 1 1 0 0 0.4 
Success Percentage 79% 55% 69% 100% 63% 69% 
Performance 1.58 1.55 2.00 1.30 2.90 1.85 

6.4 Summary 

This chapter describes the performance evaluation of the EMS and the CBR feature. 

The EMS was assessed through two field studies and an experimental study. In the 

field studies, the EMS was used to facilitate two real-life project workshops and a 

post-session feedback questionnaire was used to investigate the users’ opinions on the 

workshops and the system. In the experimental study, the EMS was used in a trial 

VM-based briefing workshop for an ongoing project at the Hong Kong Polytechnic 

University. A class of students was divided randomly into two teams. One team used 
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the EMS and the other used the traditional face-to-face meeting method. Three VM 

experts evaluated the functions and ideas produced by the two teams. The results of 

the field studies and experimental study illustrated that the EMS can effectively 

facilitate the implementation of VM in construction briefing. In addition, the EMS has 

big potential to improve the performance of briefing in terms of the enhanced 

participation and interaction, the shorten time for tasks, and the improved satisfaction 

with VM workshops. 

The CBR feature was evaluated in terms of case based coverage through technical 

analysis and success percentage and performance through expert interview. Technical 

analysis for case base coverage and expert evaluation for success percentage and 

performance of recommendations were conducted. The evaluation results illustrated 

that the CBR feature has big potential in assisting the function analysis and 

performance specification phases. However, the case base should be improved to 

address the problem that current cases are unevenly distributed; they are primarily 

concerned with three general groups: goal-function, goal-form, and goal-concept. 
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Chapter 7 Conclusions 

7.1 Introduction 

This chapter is the final chapter of this report. It starts with conclusions of the entire 

research in terms of the three research tasks: literature review, system development 

and system evaluation. It is followed by a description of the contribution of this 

research to knowledge. The limitations of this research and future directions are also 

addressed. 

7.2 Research Conclusions 

7.2.1 Conclusions from Literature Review 

Construction briefing is critical to the successful delivery of construction projects 

because the directions of the following processes (i.e., design, construction and 

post-occupation) are set in briefing. The briefing process is an evolutionary process 

where client’s requirements are clarified and represented in a more and more detailed 

way. Due to the typical complexity and uniqueness of each construction project, there 

is no one-size-fits-all approach to construction briefing. The unstructured approaches 

are more commonly used in the UK and that the structured ones are prevalent in the 

US.  

Whether an approach to briefing is structured or not, it has to address the issues of 

clients, such as their limited understanding of the structure and nature of the 
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construction industry, their lack of appreciation of the technicalities of buildings, or 

the inadequate representation of interest groups. Usually a client brings the major 

stakeholders of the envisaged project together to inform others his or her requirements. 

His or her knowledge and/or experience of briefing impose great influence on the 

efficiency of the briefing process. Previous studies also show that most of other 

problems encountered in briefing are more or less related to clients. An insight into the 

immobility of the client problem is the wickedness (ill-structure) essence of briefing. 

Fortunately, extensive research on the use of ICT in briefing throws light on the 

resolution of the performance problem of briefing. With huge calculating capacity, 

mass storage, and instant communication, ICT could have a significant impact on 

briefing performance. 

VM is concerned with defining what value means to a client within a particular 

context by bringing the project stakeholders together and producing a clear statement 

of the projects objectives. Research into using VM in briefing illustrates that VM is 

appropriate for briefing in terms of its systematic process, functional approach, and 

multi-discipline teamwork. However, VM is just a methodology, not a comprehensive 

solution, for briefing. The implementation of VM in briefing has encountered some 

problems similar to those encountered in other briefing methods such as inexperience 

of clients, and lack of time and finance for briefing. 

CBR, as an approach to problem solving that emphasizes the role of prior experience 

during future problem solving, possesses the promise to be helpful in briefing because 
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CBR is useful in interpreting open-ended and ill-defined concepts (Kolodner, 1993). 

The design of a CBR feature includes case representation, indexing, retrieval, reuse, 

and retention in the four REs cycle. CBR possesses the potential to address the 

problems related to client’s lack of experience in briefing. 

To facilitate the implementation of VM in briefing, CBR is used to support several 

tasks in the VM approach. It is necessary to construct a comprehensive platform for 

briefing, on which VM can make full use of its advantages. EMS is such an ICT based 

technical platform that covers the task-oriented GDSS and communication-oriented 

CSCW, and exemplifies the common area between them. EMS can affect the balance 

of process gains and losses through four mechanisms: process structure, process 

support, task structure, and task support. A series of closely related studies into using 

GDSS to support VM workshops have illustrated that the GDSS has the potential to 

enhance the performance VM studies. 

Therefore, the overall aim of this research is to develop and evaluate a 

knowledge-based EMS for implementing VM in construction briefing and thus to 

enhance the efficiency of the briefing process. Three specific research objectives are 

established as follows: (1) to develop a knowledge-based EMS for implementing VM 

in construction briefing; (2) to investigate whether the EMS can facilitate the 

implementation of VM in briefing; and (3) to investigate whether the CBR feature can 

facilitate the implementation of FPS in briefing. 
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7.2.2 Conclusions from System Development 

Referring to the research objectives, a conceptual framework for using VM in briefing 

has been developed to identify system functionalities and requirements at a general 

level. To address the wickedness of construction briefing, solutions for it are expected 

to be of three characteristics: value-oriented, performance-based, and 

experience-reusing. Thus in the conceptual framework, the EMS is designed to 

implement VM in briefing through providing process structure, process support, task 

structure, and task support. The process structure is built with the new VM job plan 

(composing eight phases: pre-workshop, information, function analysis, performance 

specification, creativity, evaluation, presentation, and post-workshop), FPS, and NGT. 

The process support is implemented through parallel communication, anonymity, 

group memory, and media effects. The task structure is constructed with FAST and 

MCDM. The task support is provided through whiteboard, chat room, CBR, and 

electronic voting. 

The knowledge-based EMS is a synthesis of VM, the CBR feature, and other EMS 

techniques. A fat-client thin-server system architecture is adopted where the facilitator 

of briefing workshops operates the sever end and a client end, and the team members 

use other client ends. Six feature modules (i.e., function analysis, performance 

specification, creativity, evaluation, CBR, and instant message) reside in fat client 

ends. The thin server primarily works as a datagram transfer center through the 

communication layer. The feature modules are implemented through nine floating 
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Windows forms: FAST Diagram, Functional Performance, CBR, Case Library, Task 

Management, Creativity and Evaluation. Consequently, the EMS can be used 

throughout the VM job plan by supporting the tasks in the function analysis phase, the 

performance specification phase, the creativity phase and the evaluation phase. 

The CBR feature works in the form of recommending functions and related functional 

performance corresponding to user query (i.e., keywords input by a user). Thus it can 

be useful in the function analysis phase and the performance specification phase. Its 

design addresses three issues: representing cases with the textural representation, 

indexing cases with similarity and explanation-based indexing, and retrieving cases 

through similarity-based retrieval. To build a case base for reasoning work, a case base 

administrator feature is implemented to enable us to retain new cases, update existing 

cases, and delete obsolete cases.  

7.2.3 Conclusions from System Evaluation 

To investigate the performance of the EMS and the CBR feature, they were evaluated 

separately. The performance of the EMS was evaluated through two field studies and 

an experimental study. The first field study was a VM workshop for a mountain bike 

track in Hong Kong and the second one is an integrated workshop consisted of three 

sessions: partnering, VM, and risk management. At the end of each workshop, a 

questionnaire is completed to collect the participants’ opinions on the workshop and 

the EMS. The experimental study was conducted by 72 part-time postgraduate 

students enrolled in a VM course at the Hong Kong Polytechnic University. They were 
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divided randomly into two teams: an experimental team supported by the EMS and a 

control team using the traditional face-to-face means, to conduct a trial briefing 

workshop for the Phase 8 Development of the HK Polytechnic University Campus. In 

the experiment, the existence of the EMS was the independent variable; the numbers 

of primary functions, secondary functions, and realistically possible ideas were the 

dependent variables and were used to examine the performance of the EMS. The 

outcomes of the two teams were then evaluated independently by three VM experts. 

The results of the field studies and the experimental study illustrated that the EMS can 

be used to facilitate the implementation of VM in briefing and hence to improve the 

performance of the briefing through the four contributing mechanisms. However, too 

many overlaps among functions as well as among ideas generated by the 

EMS-supported team were noted. 

The CBR feature was evaluated in terms of: (1) case base coverage through technical 

analysis, and (2) percentage of problem solving successes and performance of 

recommendations through expert evaluation. The evaluation results illustrated that the 

CBR feature is helpful in the function analysis and performance specification phases. 

However, it should be noted that the case base should be constructed well enough; the 

cases residing in the case base are primarily concerned with three general groups: 

goal-function, goal-form, and goal-concept. In addition, more efforts should be made 

to refine the recommendations on functional performance. Despite these drawbacks, 

the described CBR feature throws new light on improving the efficiency of defining 

functions in terms of the significant difference between the numbers of primary 
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functions and secondary functions by the two teams in the experiment. In other words, 

the EMS-supported team can conduct function analysis within shorter time than that 

the traditional team needs. Besides, it offers an effective approach to accumulating and 

reusing the valuable knowledge that previous construction briefing practices can 

provide. 

In summary, the use of the EMS can facilitate the implementation of VM in briefing 

and the use of CBR can facilitate the implementation of FPS in briefing. 

7.3 Contribution to Knowledge 

This research contributes to knowledge from three perspectives: 

(1) This research leads to new knowledge of using EMS to implement VM in 

construction briefing. As a comprehensive ICT solution for VM, the 

knowledge-based EMS has a profound impact on the way to conducting 

construction briefing as well as on the efficiency of VM studies. The research 

outcomes provide possible solutions to the problems frequently encountered in 

both briefing and VM studies. 

(2) This research leads to new knowledge of developing performance-based briefs. A 

performance-based approach is a way of thinking and working in terms of ends 

rather than means; they concern what a building is required to do rather than how 

it is to be constructed. This research establishes a new job plan that enables clients 

to more efficiently and accurately specify their requirements in the form of 

functions and functional performance. 
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(3) This research contributes knowledge of using CBR, which is designed and 

implemented on the basis of VM, in construction briefing. A 

learning-and-practicing environment is built where inexperienced briefing takers 

can easily retrieve and learn relevant knowledge from previous projects, and 

directly or heuristically use the retrieved knowledge. In turn, the new knowledge 

(i.e., well-defined original functions, functional performance, and ideas) can be 

retained and reused in future. 

The system also provides other basic features that responds to the common problems 

in traditional face-to-face workshops (e.g., parallel communication to counter 

workshop domination by one participation and anonymity for evaluation apprehension 

and conformance pressure) and the problems identified in the previous briefing 

practice (e.g., a case library to counter lack of information for analysis, and instant 

calculation to address time constraints placed for briefing). As a result, the 

collaboration between team members is improved, active participation and interaction 

is promoted, and decisions are made in a more comprehensive and informed manner.  

7.4 Limitations of the Study 

There are three main limitations in this study. The first limitation is the availability of 

the case resources for the CBR feature. Currently, the cases are primarily distilled 

from the briefing texts; there are still few VM studies of briefing available, which 

might be caused by the confidential nature of many construction projects. Thus there is 

room left for the improvement of recommendation performance in terms of quantity 
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and quality. This is not only a pure technical problem, but also an industry problem. 

That means it can only be addressed as time progresses and as VM is used in the 

briefing processes of more and more construction projects. As time goes by, more past 

case knowledge is available for the improvement of the case base as well as the CBR 

feature. 

The second limitation is the reliability of the EMS. The EMS is developed as a 

prototype system for research objectives that are under time and finance constraints. 

Although more than ten rounds of system tests have been conducted through the trial 

use by the research group led by Prof. Geoffrey and the use in field studies, there are 

still some programming bugs unaddressed in the EMS, which undermines its 

performance and thus might influence the evaluation results. 

The third limitation is the availability of the opportunities for the EMS evaluation. In 

this research four evaluation methods were used. These were technical analysis, expert 

evaluation, field study, and experimental study. The former two were employed to 

measure the performance of the CBR feature. The latter two were conducted to 

evaluate the performance of the EMS. However, no one study went through the 

proposed structured job plan. The first field study was a VM workshop that focused on 

the creativity phase and the evaluation phase. The second field study was an integrated 

workshop consisting of three sessions: partnering, VM and RM. The VM session 

focused on the briefing of a facility (i.e. the open space) since the majority of the 

design work had been finished. Consequently the features of the EMS were only 
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partially used and evaluated. Furthermore, as noted in the literature review of EMS, 

the processes and outcomes of a workshop are influenced by numerous factors (e.g., 

group, task, context, and EMS). It is therefore dangerous to conclude that the EMS 

makes an exclusive contribution to the improved performance of VM-based briefing 

workshops. 

7.5 Suggestions for Future Research 

Two routes for future research could be followed seeing the problems identified in the 

system development and evaluation. First is to create a tool using text mining for 

automatic case authoring. This would help to extend the case base through handling 

the electronic documents of VM-based briefing automatically. Typical text mining 

tasks include text categorization, text clustering, concept extraction, granular 

taxonomies production, sentiment analysis, document summarization, and entity 

relation modeling. In this automatic case authoring process, the case quality should be 

considered as one of the critical factors, since with more and more cases retained into 

the case base, reasoning performance should be taken into account. 

Second is to extend the functionalities of the EMS. This effort needs to antecedently 

promote the use of the EMS and to conduct more empirical studies. The functionalities 

and performance of the EMS can be suitably tested and extended in real-life projects. 

The performance of the briefing practice can then be raised to a higher level. For 

example, the current EMS focuses on the Decision Room situation, in which all 

participants meet in a continuous meeting. In the future the EMS should be extended 
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to cover all other primary situations (i.e., Local Decision Network, Teleconferencing, 

and Remote Decision Making). This requires the presence of voice and visual 

communication features in the EMS. What’s more, automatically grouping functions 

and ideas based on their semantic similarities may be useful to highlight the overlaps 

among them and thus to enhance the efficiency of the tasks in the function analysis 

phase and the creativity phase. 
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Appendix 1: The Questionnaire for Field Studies 

Feedback Questionnaire 

This questionnaire is designed to collect feedback/comments on the Value Management workshop 
and the collaborative system used to support the workshop. 
 
About the VM workshop 
� What are the things that you like MOST? 
 
� What are the things that you like LEAST? 
 
� What are your comments or suggestions to improve it? 
 
About the Collaborative System 
� To what extent do you agree with the following statements? 
 

Strongly disagree Disagree Neutral Agree Strongly agree 
1 2 3 4 5 

1. Established an atmosphere for teamwork by 
maintaining synchronously a common view of all 
relevant information. 

1 2 3 4 5 

2. Encouraged all members to participate and maintained 
equal opportunity for all. 

1 2 3 4 5 

3. Encouraged creative thinking. 1 2 3 4 5 

4. Promoted comprehensive evaluation of all proposed 
solutions, both on the positive and negative 
consequences. 

1 2 3 4 5 

5. Integrated related ideas or suggestions and facilitated 
the team to arrive at consensus on a solution. 

1 2 3 4 5 

6. Prompted open discussion of substantive conflicts. 1 2 3 4 5 

7. Recorded important information, ideas, and decisions 
promptly and accurately. 

1 2 3 4 5 

8. Contributed to the successful completion of the VM 
workshop. 

1 2 3 4 5 

Your Name (Optional):          
 

Thank you very much for completing this questionnaire! 
- THE END - 
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Appendix 2: Semantic Similarity between Two Sentences 

Adapted from: Simpson, T. and Dao T. (2005), WordNet-based semantic similarity measurement, 

http://www.codeproject.com/ KB/string/semanticsimilaritywordnet.aspx. 

Task 1: Semantic similarity between two synsets 

A simple way to measure the semantic similarity between two synsets is to treat taxonomy as an 

undirected graph and measure the distance between them in WordNet (a large lexical database of 

English, more information about it can be found at http://wordnet.princeton.edu/). The shorter the 

path from one node to another, the more similar they are. Note that the path length is measured in 

nodes/vertices rather than in links/edges. The length of the path between two members of the same 

synset is 1 (synonym relations). The following figure shows an example of the hyponym taxonomy 

in WordNet used for path length similarity measurement: 

 
 

In the above figure, we observe that the length between car and auto is 1, car and truck is 3, car and 

bicycle is 4, car and fork is 12. 



Appendix 2: Semantic Similarity between Two Sentences 

188 

A shared parent of two synsets is known as a sub-sumer. The least common sub-sumer (LCS) of 

two synsets is the sumer that does not have any children that are also the sub-sumer of two synsets. 

In other words, the LCS of two synsets is the most specific sub-sumer of the two synsets. Back to 

the above example, the LCS of {car, auto..} and {truck..} is {automotive, motor vehicle}, since the 

{automotive, motor vehicle} is more specific than the common sub-sumer {wheeled vehicle}. The 

path length gives us a simple way to compute the relatedness distance between two word senses. 

One of the proposals for measuring semantic similarity between two synsets is Sim(s, t) = 

1/distance(s, t), where distance is the path length from s to t using node counting. 

Task 2: Semantic similarity between two sentences 

Given two sentences X and Y, we denote m to be length of X, n to be length of Y. The major steps 

can be described as follows: 

1) Tokenization. 

2) Perform word stemming. 

3) Perform part of speech tagging. 

4) Word sense disambiguation. 

5) Building a semantic similarity relative matrix R[m, n] of each pair of word senses, where 

R[i, j] is the semantic similarity between the most appropriate sense of word at position i 

of X and the most appropriate sense of word at position j of Y. Thus, R[i, j] is also the 

weight of the edge connecting from i to j.  

6) We formulate the problem of capturing semantic similarity between sentences as the 

problem of computing a maximum total matching weight of a bipartite graph, where X 
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and Y are two sets of disjoint nodes.  

7) The match results from the previous step are combined into a single similarity value for 

two sentences. There are many strategies to acquire an overall combined similarity value 

for sets of matching pairs. Matching average strategy is used to compute the overall score 

of the semantic similarity between the two sentences: 

��� ��, ��= 	
2 × � ���ℎ(�, �)

|�| + 	 |�|  

where Match(X, Y) are the matching word tokens between X and Y. This similarity is 

computed by dividing the sum of similarity values of all match candidates of both 

sentences X and Y by the total number of set tokens. An important point is that it is based 

on each of the individual similarity values, so that the overall similarity always reflects 

the influence of them.  

Given X as “protect environment” and Y as “protect listed buildings”, the bipartite matcher returns 

that X[1] “protect” has matched Y[1] “protect” with a score of 1, X[2] “environment” has matched 

Y[3] “building” with a score of 0.37. The overall score is 2*(1 + 0.37) / (2 + 3) = 0.548. 




