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Abstract 

 

Establishing a reliable budget estimate based on limited information at the briefing stage 

of a construction project is a challenge for any client and design team.  Unreliable 

estimates based on ill defined client needs and wants are all too frequent in practice 

(Newton 1991; Akintoye & Fitzgerald, 2000; Longmaid, 2003; Sonmez, 2004; Elahg et 

al., 2005 and Aibinu & Pasco, 2008). A review of the literature revealed a lack of 

accuracy of current cost estimation methods as a consequence of limited design 

information available at the conceptual stage. The focus of the investigation was new-

build school projects and, though much published design guidance on schools is 

available, there is little or no specific construction cost estimation guidance. 

 

Previous studies have not considered how the richness of information that is available at 

the briefing stage might inform cost estimates. The main purpose of the study, therefore, 

was to develop a function-based cost model for application at the briefing stage of 

school projects to estimate cost prior to the technical design phase. Exploring the 

current briefing practices and available design guidance breadth of school projects and 

consulting the various UK council representatives revealed eighty eight design and 

engineering requirements as the initial basis of the cost model. The model developed 

uses the identified functional requirements to prepare a cost estimate that does not rely 

on technical design information. 

 

The research approach adopted was a mixed methodology combining qualitative and 

quantitative data collection. Initially, a qualitative survey of the various UK councils 

involved in the delivery of new-build school projects was conducted to investigate the 

current practices of briefing and costing new school projects. A quantitative study was 

then undertaken to determine the various general design and engineering requirements 

asked by the school clients. Finally, another quantitative survey was employed to 

establish the various levels of performances which the existing UK school buildings 

achieve for the distilled requirements. Regression analysis was used to develop the 

proposed cost model using all the information which would be available at the briefing 

stage. The study showed that clearly identifying all client requirements, determined at 

the briefing stage in predicting the project cost, would enhance the accuracy level of the 

model. Conversely, neglecting any part of briefing information would reduce the 

reliability and accuracy of estimates. The function-based cost model was developed and 
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validated within the school projects sector. The cost model would estimate the cost of 

new-build projects accurately relying only on clients’ design and engineering 

requirements sought at the briefing stage. The cost model provides a decision aid for the 

client which, if developed and applied, could be used at the briefing and technical 

design stage of school projects in evaluating the affordability of alternative options.  
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Chapter 1   Introduction 

 

 

1.1 Background to the study 

There are many factors that affect all aspects of construction project success, such as 

project objectives, time, quality and cost (Yu & Shen, 2005). One of the most effective 

factors of project success is an estimate of an accurate and reliable cost figure during the 

different stages of the project life-cycle, generally, and at early stage (briefing stage) 

particularly, to produce good financial advice (Ferry, 1999; Jaggar et al., 2002). 

Estimation process is the technical process employed to estimate and predict the total 

cost of executing a product in a specific time by using the whole available information 

and resources (Kwakey, 1996). However, the early cost estimation which the client of 

construction project receives at the briefing stage affects widely their decision making 

and answers their first question which is “how much will the project cost me” 

(Serpell, 2004; Trost & Oberlender, 2003; Jaggar et al., 2002). It is a crucial mission in 

which the project scope is not finalized and very limited design information is available 

at (Sonmez, 2004; Jaggar et al., 2002 and Ferry et al., 1999). It is essential to form a full 

understanding of the cost and monetary issues of a new project development before the 

project actually begins which might mean success or failure of the project (Elhag & 

Boussabaine, 1998). 

 

Estimating the cost figure at early stages has become a major concern of researchers as 

a results of the high importance of this figure for many parties involved in construction 

projects, and the notorious issue of low accuracy and reliability and dissatisfaction 

environments which the current cost estimation methods and models create for all types 

of construction projects (Betteridge, 1992; Ellis & Turner, 1986). Several reasons and 

limitations were determined for this bad reputation (Liu & Zhu, 2007; Oberlender & 

Trost, 2001; Betteridge, 1992 and Heemstra, 1992) in which the most important reasons 

were the limitation of information available to depend on to estimate an accurate cost at 

this stage and the shortening of fully understanding of project needs and requirements 

before the estimation work is done. The researchers considered that the more 

information is available, the more accurate cost estimate can be obtained in which the 

estimation after the design stage would be more accurate than this estimated figure at 

the briefing stage (Jaggar et al., 2002; Ferry et al., 1999). However, they do not concern 
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the high amount of information which can be available and presented at the briefing 

stage such as the various client general needs and requirements for their projects. 

Langmaid (2003) indicates that when there is a full understanding of the client needs at 

the early stages, there will be less chance of errors and miscalculations in the production 

of the estimated costs. These issues raised the importance of estimating the cost figure 

that totally expresses the client needs and requirements for the studied project. 

 

In addition, the briefing stage (conceptual stage) is typically the first stage of project 

life-cycle stages in project work process for all project types such as school project (the 

Royal Institute of British Architects (RIBA); the Office of Government Commerce 

(OGC)) which is followed by outline design (Concept & Scheme), detailed design, 

construction and operational stages. It is a very important stage of construction project 

life cycle generally and school projects specifically in which all clients and users needs 

and expectations are made clear in the brief document and transferred to effect (Yu et 

al., 2007; Blyth & Worthington, 2001; Ferry et al., 1999 and Barrette & Stanley, 1999). 

In more detail, the brief of new build school projects contains information about 

strategic needs, educational vision, financial basis, educational goals and areas. In other 

words, identifying the need for a building project, setting up a project team such as 

design advisor and education expert, school size, proposed site, school requirements and 

needs, budget and ground conditions are the main outputs of the briefing stage of school 

projects. The brief generally concerns the general high level of client requirements 

rather than the specific detailed requirements (Abdul-kadir & Price, 1995). Kamara et 

al. (2000) indicates that client needs and requirements might be general, site, 

environmental and regulatory requirements in which they form the main basis of the 

design requirements of the client. In addition, Ferry et al. (1999) states that the briefing 

stage is the stage of the big cost decisions and design work should not commence until 

the briefing process is successfully delivered. So, even though there are several 

functions and missions needed to be achieved during the briefing stage, the essential 

mission to be addressed is forming a full understanding of the various prioritised needs 

and requirements of the client of the construction project generally and school project 

specifically to reduce design mistakes, changing orders in later stages and cost and time 

overruns (Eldin & Hikle, 2003; CABE, Creating excellent building, 2003 and Barrette 

& Stanley, 1999). It is a difficult mission of forming a blueprint of the various clients’ 

needs and requirements for all projects according to the clients’ different preferences. 
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But, it is possible to form a general needs and requirements of clients and then prioritise 

them according to every specific project (Chinyio et al., 1998).  

 

Latham report (1994) calls for improvements to be done at the briefing stage to reduce 

the costs and optimise the quality of the projects. There have been a lot of attempts and 

searches to solve these problems, and as a result many techniques were formed to 

achieve brief stage mission in the best way such as value management (Yu et al., 2007 

and Kelly, 2004), quality function deployment and output specification (Smith et al., 

2003). All these methods depend on a group work of stakeholders in an attempt to 

determine and prioritise the various projects needs and requirements to be developed to 

the final product (Smith et al., 2003; Kelly, 2004). So, the importance of the briefing 

stage is established by many researchers where the better quality of information in this 

stage, the better expected results from the project. Further, achieving clients and users’ 

needs and requirements which form the projects functions, is the main key player of 

establishing the satisfaction of the clients (Mbachu & Nkado, 2006; Smith et al., 2003; 

Chinyio et al., 1998; Syed & Kangari, 1995; Latham, 1994). It is also indicated as the 

first task of a project development to cost the brief as presented with sketchy 

information and without any sort of design (Ferry et al., 1999), because the brief should 

attain the balance among the client key requirements themselves and with the available 

resources and other constrains and limitations such as site conditions to achieve the 

project objectives (Thiry, 2001). It is not a successful project that can be executed in a 

cost effective manners and within the budget but does not provide good value to the 

client by achieving their needs and requirements (Langmaid, 2003). So, at the briefing 

stage, there should be balance between the various client needs and requirements and 

their costs. 

 

Determining and prioritising the various client needs and requirements of the 

construction projects generally and school project specifically at the briefing stage are 

believed to be a difficult mission. However, several methods and means have been 

developed to achieve the functions of the briefing stage successfully, such as value 

management (VM), quality function deployment (QFD) and other briefing tools which 

can be applied in the briefing process (Yu et al., 2007; Kelly, 2004; Eldin & Hikle, 

2003; Syed et al., 2003; Pheng & Yeap, 2001 and Kamara & Anumba, 1999). The main 

aim of applying these methods at the briefing stage is to establish a full understanding 

of the various client requirements and needs for all participants of the construction 
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projects. A variety of techniques, such as group work, information gathering, brain 

storming, trees involving hierarchical classification, questionnaires, a function analysis 

diagram (FAST) and the house of quality (HOQ) are used as elements of those methods 

and as help tools to achieve their missions, as will be described in Chapter 2.  

 

Some researchers consider that using a previously created list of client requirements 

could limit the creativity of the participants (Kelly et al., 2004). However, employing a 

list of client needs and requirements distilled from several previous studies rather than 

only one or two can enhance creativity as well as saving time for the people involved in 

the briefing stage of the construction project. It is possible to formulate general needs 

and requirements of clients and then prioritise them according to the needs of each 

specific project (Chinyio et al., 1998). 

 

The presence of information about clients’ needs and requirements determined at the 

briefing stage of the construction project enhances the richness of information available 

to be used by the various interested parties to achieve their goals. This avoids the 

disadvantage of limited information in the briefing stage being a cause of the low 

accuracy of current early cost estimation methods. Thus, as the main factor in 

developing a cost model involves utilising all the information available at the stage in 

which the model is used, there is no reason for the estimator to neglect the various 

stated client needs and requirements determined at the briefing stage in the cost 

prediction process for their projects. Newton (1991) and Langmaid (2003) calls for new 

cost estimation methods instead of the old methods which tend to be based on more 

deterministic, abstract units of measurement and implicit assumptions. Langmaid (2003) 

views the main problem of current cost estimation methods as the fact that they rely 

widely on the estimator’s experience, without considering and expressing the client 

requirements. He advocates that to produce an accurate cost figure, the client needs and 

requirements should be fully determined beforehand.  

 

The users of the current cost estimation methods rely on either their own experience or 

several cost drivers to predict the cost figure of the construction project (Akintoye & 

Fitzgerald, 2000 and Boussabaine & Elhag, 1999).  

 

In an attempt to study and investigate the various cost drivers relied on by the current 

cost estimation methods for construction projects generally and school projects 
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specifically, a survey of eight important construction management related journals was 

carried out for periods ranging from three to 13 years or even more to explore the papers 

published on costing construction projects. The total number of papers published in the 

eight journals was 5463 papers, of which only 193 (3.53%) papers addressed the theme 

of costing construction projects. 

 

The investigation of the previous papers and other conferences’ research papers 

revealed that most of the cost estimation models and methods used in the construction 

industry depend on either a design information such as type of framework and 

foundation or an informative information such as the cost of labour, materials and 

equipments.  

 

Several researchers were found to have attempted to develop cost estimation methods, 

and models developed to estimate the construction cost of the construction projects 

generally such as (Stoy& Schalcher, 2007; Wheaton and Simonton, 2005; and Emsley 

et al., 2002) and school projects specifically, (AL-Sharif & Kaka, 2007; Madni, 2004; 

Elhag and Boussabaine, 1998; and Al-Momany, 1996) are presented in Chapter 2. 

However, the cost variables used in the previous cost estimation methods are either 

details not available at the briefing stage, such as frame and foundation types and 

ceiling finishing, or do not express all the information available at the briefing stage, 

which includes the various stated and prioritised client needs and requirements. 

 

Cost models should predict the cost figure that lays the foundation for client satisfaction 

by articulating their full needs and requirements. Emsley et al. (2002) state that cost 

attributes for which values are known at the early stage should not be isolated from each 

other in building a cost model. It is very important to estimate the cost that expresses 

client needs (the voice of client) rather than the design attributes (the voice of design), 

which entails the client being the only person or organisation who is responsible for 

deciding whether their project achieves value of money, and satisfies their requirements 

(Eldin & Hikle, 2003; Longmaid, 2003). 

 

The limitation of the cost estimation methods applied for a school project in expressing 

the various client needs and requirements and the environment of dissatisfaction with 

the current cost models among clients (Lees & Fortune, 1996), establishes the 

imperative need for developing a cost estimation model which expresses client needs 
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and requirements to predict the construction cost of new-build school projects in an 

attempt to enhance the accuracy and reliability of the predicted cost figure. The 

proposed cost model is going to employ the various design needs and requirements for 

school projects asked by the clients, together with their levels of performance. It is 

intended to develop a cost estimation model which produces the cost that really 

expresses the project value for money by balancing the functions and cost through 

articulating the various needs and requirements of school client.   

 

Karshenas (1984) and Ji et al. (2010) state that different types of buildings should be 

studied separately as the type of building has a large influence on the project. Because 

of the wide variety of construction projects, the high levels of experience of the school 

clients, which mean they know clearly what they want and the high importance of the 

education sector, school projects were chosen to be the case study of this research. The 

importance of school building is due to the high speed of development of the theory and 

environment of education methods in the UK government plan which necessitates rapid 

development in school building in terms of design and quality, the huge amount of 

investment by the UK government in developing school building projects, the great 

impact of school buildings on not only children’s education, but also on surrounding 

areas (local community) in terms of enhancing its aspirations, and the high percentage 

of the UK schools which are not in good condition (SE, Scotland’s School Estate: 

Building our Future, 2006; CABE, being involve in school design, 2003). 

  

    

1.2 Aims and objectives 

The research aim is to develop a function-based cost model for new-build school 

projects which can predict the construction cost at the very early stage (briefing stage) 

of the project life cycle. The model name comes as the main variables included in the 

proposed model are the main functions of school projects established by the various 

design and engineering requirements obtained from the different design and briefing 

guides for new-build schools and different briefing techniques such as VM, Post 

Occupancy Evaluation (POE), Quality Design Indicators (QDI) and QFD. The proposed 

model will not only determine the probable cost of the project at this early stage, but 

also provide the user with the confidence that this cost figure would meet the client 

requirements. The objectives undertaken to achieve this aim were to: 
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1- Explore the cost models used for estimating purposes at the conceptual stage of 

construction projects generally and school projects particularly by exploring the 

techniques used, variables involved, limitations and advantages. This was conducted 

by reviewing research publications, text books, reports and guidelines (Chapter 2). 

 

2- Investigate the briefing stage of the project life cycle in terms of its functions, ideas, 

principles, the people involved and techniques used for construction projects 

generally and school projects specifically. This was carried out using methods and 

sources similar to those stated in the previous objective (Chapter 2). 

  

3- Determine and extract the various design and engineering needs and requirements 

which the clients ask for in new build school projects. This was achieved by 

investigating the various published design and briefing guidelines and techniques 

used at briefing stage such as quality design indicators for schools (Chapter 3). 

 

4- Explore the current practices of briefing, designing and costing new build school 

projects. Further, explore the application of the various briefing techniques such as 

VM and QFD. This objective was undertaken by conducting interviews (qualitative 

study) with school clients who are the various UK local authorities (Chapter 5). 

   

5- Develop and confirm UK school clients’ prioritised design needs and requirements 

determined at the briefing stage of the school project life cycle. A quantitative 

questionnaire was sent to the various UK local authorities to achieve this objective 

(Chapter 6). 

 

6- Construct and develop a function-based construction cost model for new build 

school projects as a computer based model. The main variables of this model were 

the various design and engineering requirements of school clients for new build 

schools. The statistical relationships between the project cost and the level of 

performance of the various extracted requirements were studied so. These were 

carried out by a quantitative questionnaire sent to the various UK schools head 

teachers and a statistical program (Chapter 7). 
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1.3 Research design and methodology 

The research methodology adopted to meet the research objectives was a mixed 

approach between qualitative and quantitative methods. This research falls in the 

context of early cost estimation means and practices. The research adopted the idea that 

including the client requirements and needs determined at the briefing stage would 

enhance the predictability and accuracy of estimated cost figure that meet the school 

project value for money.  

 

The research design, as shown in Figure 1.1, started with forming a theoretical 

background and knowledge about the subject as a base to justify the research problem, 

and to choose the best suitable approaches to conduct the research smoothly and easily. 

The research adopted mixed research methods of qualitative and quantitative techniques 

that suit the specific research question. Hence, the nature of the research question and 

the means, believed to solve it, have the pragmatic paradigm nature which includes 

tools from both positivist and interpretivist paradigms. The objectives addressed to 

achieve the main aim of the research were achieved through several stages, as shown in 

Figure 1.1. The first part of the literature review identifies and investigates the various 

theories, aspects and practices of briefing, designing, procuring and costing new 

construction projects generally and school projects specifically. The qualitative 

interviews were then conducted to support the findings of the literature review and 

complete the whole picture of the current practices and techniques used for briefing, 

costing, procuring and costing new-build school projects among the various local 

authorities, to establish the gap needed to be clarified and filled. Further, the second part 

of the literature review was conducted, to determine and examine the various design and 

engineering needs and requirements asked by the school clients for their new school 

projects at the briefing stage, exploring the various published briefing and designing 

documents. The following stage was achieved by conducting a quantitative survey to 

establish the different levels of importance of the client requirements established in the 

previous stage. The main aim of this stage was to distil the prioritised design and 

engineering requirements sought by the school clients at the briefing stage. The 

modelling stage was accomplished by carrying out a second quantitative questionnaire 

with the aim to determine the various levels of performance the existing UK schools are 

achieving for the various school client design needs and requirements stated in the 

preceding stage. 
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Determining those levels of satisfaction of the various UK schools with the stated 

design and engineering requirements will be used as the basis for a new cost estimation 

model. This cost estimation model will predict the construction cost of new-build school 

projects at the briefing stage. As a specific statistical program will be used to build the 

model, the model will be classified under the category of statistical cost estimation 

models. 

 

The extent to which the various levels of performance the UK school buildings achieve 

for the various design and engineering requirements, in which they would be good cost 

predictors, is the main result of this research. The cost model would provide the cost of 

the project which expresses the real value of money of the project in which the 

predicted cost would express the required cost to achieve the various school design 

needs and requirements. A further result of the conducted research will be a list of the 

design and engineering requirements asked by the client for new-build school projects. 

This list would help the client team in their brainstorming session, in an attempt to distil 

the various client needs at the briefing stage.       
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Figure 1.1 The design of this research 
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1.4 Structure of the thesis 

The thesis consists of eight Chapters, including the introductory Chapter. The Chapters 

are organised as seen in Figure 1.2. 

 

 

 

Figure 1.2 Research thesis: framework of Chapters 
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Chapter One: Introduction to the thesis 

 
This introductory Chapter presents the research background and the whole thesis 

content. The main aim and objectives of the research, together with an explanation of 

the methodology adopted, is included in this chapter. In addition, a graphical 

presentation of the research process is shown. 

 

 

Chapter Two: Literature review part 1: The different themes of this research 

(Briefing, procuring and costing construction projects and school projects) 

 
This is the first part of the literature review of this research, which explores and 

investigates the different principles, ideas and practices adopted for briefing and costing 

new construction projects generally and new-build school projects specifically. This 

part consists of three main sections. The first section explores the briefing stage 

(conceptual stage) of a project life-cycle as an important stage for delivering successful 

construction projects generally and school projects specifically. It presents the definition 

of the briefing stage, its functions, strengths and weaknesses, people involved and the 

essential available information. The high importance of the cost estimation mission for 

decision making at this part is also established. In the second section, value 

management (VM) and quality function deployment (QFD) are investigated as 

techniques used successfully at the briefing stage, to achieve its function and perform a 

comprehensive brief. In addition, the third section describes with a critical eye the cost 

estimation mission and its techniques and models applied at the briefing stage for 

construction projects generally and school projects particularly. The different cost 

models, methods and techniques applied at early stages of the project life cycle with 

their limitations and advantages are presented, through which the imperative need for 

new cost estimation model which expresses the various need and requirements asked by 

the school client at the briefing stage, to estimate a reliable and accurate cost figure, is 

established. 
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Chapter Three: Literature review part 2: A review of strategic level design needs 

and requirements of the UK schools 

 
The financial, design and clients requirements of new-build school projects should be 

addressed and explicitly expressed at the early stages of their project life-cycle 

(preparation stage). This Chapter aims to form a comprehensive list of the various 

design and engineering requirements and needs sought by the client for their new-build 

school projects in the brief. Establishment of these requirements is achieved from a 

synthesis of the various contemporary governmental briefing documents and methods 

relating to construction of primary and secondary schools in the UK. The three essential 

objectives adopted in this chapter are: to examine the range of policy guidelines and 

regulations which govern the design issues relevant at the briefing stage of new schools; 

to examine the various design evaluation methods confirmed by governmental agencies 

which assess the design solutions for schools and highlight features of good design and 

to review literature relating school design and the physical environment to the 

educational performance of pupils and teachers. The resulting client design and 

engineering needs and requirements form the basis of the questionnaire survey sent to 

the various local authorities in the UK. 

 

 

Chapter Four: Research Methodology 

 

A review, description and analysis of the current research methodologies adopted in 

construction management are carried out in this chapter. Quantitative, qualitative and 

mixed research methods are determined as the main research methods applied in 

construction management research. The various advantages and limitations of each 

method are explained. The main philosophies, principles and ideas under each method 

are also addressed. Further, explanation of the main benefits and weaknesses of 

interview and questionnaire methods as ways to collect a data is also presented. Mixed 

method was adopted as a research method to conduct for this project. A further 

justification and description of the methodology chosen for this research are also 

presented here. A detailed explanation of this research process and framework is also 

provided to explain the main steps and procedures adopted to achieve the research 

objectives. 
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Chapter Five: Exploration of current practice in briefing, designing and costing 

new-build school projects   

 
This Chapter presents the analysis of data collected from several Scottish local 

authorities via the qualitative interviews. The main objective of this data collection was 

to explore the current real life practices of briefing and designing new build councils’ 

school buildings. The interviews were conducted to explore and expand the information 

extracted from the literature review, in Chapter 2, of the current practices in briefing, 

designing, procuring and setting the budget for the new council school buildings. The 

results show the importance of having a cost estimation model which expresses the 

client needs and requirements at the briefing stage.  

 

 

Chapter Six: UK School client prioritised design needs and requirements 

 

This Chapter reports on the first nationwide quantitative questionnaire survey of the 

various UK local authorities and their technical advisors who develop new-build school 

projects in the UK, and presents the analysis of its findings. This survey was 

constructed to confirm and prioritise the various design and engineering need and 

requirements asked by the school clients at the briefing stage for the new-build school 

projects according to their levels of importance. In Chapter 3, eighty-eight schools 

clients’ design needs and requirements were identified. In this chapter, the number of 

stated design and engineering needs and requirements is reduced, depending on their 

levels of importance, to be included in the next questionnaire in an attempt to enhance 

the response rate of the next survey.  

 

 

Chapter Seven: A function-based construction cost model for new build-school 

projects 

 

This Chapter presents the process of conducting and the subsequent analyses of the 

second nationwide quantity questionnaire for the existing UK school buildings. The 

chapter gives ideas about the various levels of achievement which the existing school 

buildings achieve for the various prioritised design and engineering requirements stated 

in Chapter 6, from the client points of view. Further, this chapter demonstrates the 

process of building and developing a function-based cost model for predicting the 
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construction cost of new-build school projects at early stages of the project life cycle, 

based on the information available in the briefing stage of the school project life cycle 

(survey outputs) and from historical school projects, stated in the BCIS (Building Cost 

Information Service) data. The model will depend on the various levels of performance 

which the school client gave to their schools as part of its cost drivers. The chapter 

established the possibility of a correlation between the various levels of performance 

sought by the client of a new school and the predicted construction cost of that project. 

In addition, this chapter reports on testing the cost model on school projects which were 

not used in developing the model, developing the model on an Excel sheets and 

validating the model by conducting interviews with experts to get their feedback on the 

model. 

 

 

Chapter Eight: Conclusion 

 
This Chapter shows the conclusions of this research and its findings. The research 

contribution to knowledge, impact, limitations and recommendations for future works 

are also presented in this chapter.  
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Chapter 2: Literature review 1: Critical overview of 

construction and school project briefing and costing concepts 

(What, Why and How). 

 

 

2.1   Introduction 

The literature is critically appraised in the broad areas of briefing and costing new-build 

construction projects generally and school projects specifically in which literature 

review is presented in three parts. The first part of the chapter explores the studies and 

publications which have shaped the various concepts and principles of processing the 

briefing stage of the construction project life-cycle, in particular for school projects. It 

defines, characterises and shapes the whole picture of briefing new-build construction 

projects in the UK. The second part of this chapter covers explanations of value 

management (VM) and quality function deployment (QFD) techniques as two effective 

methods of providing a successful briefing stage outputs. The third part of this chapter 

explores the various practices in estimating the cost of new-build construction projects 

at the briefing stage, with a specific emphasis on cost estimation practices for school 

projects. These practices are defined as early cost estimation methods. 

 

 

 

Figure 2.1 Map of the literature review 
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Differing strands of literature and governmental documents are reviewed and evaluated 

from a critical viewpoint to understand the context of briefing and costing new-build 

school projects to complete the whole jigsaw of the methods, principles, functions, 

techniques and people involved in the briefing stage. The resulting picture reveals the 

main core mission of the briefing stage as determining and prioritising the various client 

needs and requirements for their projects, and shapes the whole idea, theories and 

practices applied for costing those projects. The advantages and limitations of the 

current methods and models used to estimate the cost at the briefing stage of new-build 

projects generally and school projects specifically are established. The main reasons for 

choosing a school project as the case study of this research are also highlighted. 

 

The next chapter (Chapter 3) will shape the various design and engineering needs and 

requirements of the clients for new-build school projects as presented in different 

literature and governmental documents, to complete the whole literature overview of 

this research. The chapter ends with a summary of the various distilled design and 

engineering requirements.              

 

 

2.2   Briefing stage of a construction project (Conceptual stage): 

 

2.2.1   Definition 

A project is defined, according to Kerzner, (2001), as an undertaking involving a 

complex set of activities and tasks guided by specific objectives, requirements, 

resources and time. This undertaking should go through several stages, which within the 

Royal Institute of British Architects work plan (RIBA, 2000) are the conceptual stage 

(Inception & Feasibility), outline design stage (Concept & Scheme), detailed design 

stage, construction and operational stages (Jaggar et al, 2002; Kamara et al., 1999).  

 

The briefing stage is the first stage of the project life-cycle undertaken before the 

commencement of the technical design stages. It is the stage where a whole 

understanding of the project and its relationship to the client organisation’s corporate or 

business strategy should be formed. It is the stage within the project-life cycle where 

client and users’ needs and expectations should be made clear as the basis for the 

technical design solution (Blyth & Worthington, 2001; Ferry et al., 1999 and Barrett & 
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Stanley, 1999). Yu et al. (2007) stresses the high importance of the briefing stage for 

project success in which all clients’ needs and requirements are identified and 

articulated. In addition, Ferry et al. (1999) states that the briefing stage is the stage of 

the big cost decisions and design work should not commence until the briefing process 

successfully delivered. 

 

Clients’ needs and requirements are identified at many different levels in which Abdul-

kadir & Price (1995) pointed out that the briefing stage concerns client perspectives 

rather than other involved parties but at the general strategic level rather than specific 

and technical in nature. According to Chinyio et al. (1998), clients’ needs are defined as 

“a state of felt deprivation which pertains to health and well being and desired with 

regularity such as the accommodation requirement”, whereas they defined clients’ 

requirements or wants as objects such as goods and services for satisfying the mental 

and physical pleasure (beauty of product). Kamara et al. (2000) indicats that client 

needs and requirements might be general, site, environmental and regulatory 

requirements in which they are the basis to form the design requirements of the client. 

Further, Chan & Wu (2002) classify that client needs and requirements fall among 

either dissatisfiers things which the client would not normally ask for but will be 

dissatisfied if they are not present in the project, satisfiers things which the clients ask 

for or delighters which the clients would not ask for but are very happy if they are 

present, although not dissatisfied if they are not present.  

 

Further, the briefing stage is the step to form a project’s brief document, which is a 

comprehensive formal statement. It is the means for expressing the objectives and 

requirements of the client, and developing the early client document of need into 

detailed technical specifications (Kamara & Anumba, 1999). The purpose of the project 

brief is to form a strong foundation for the initiation of the project. It is a formal 

statement of the objectives, functional and operational needs and requirements (the 

Office of Government Commerce (OGC), 2003). Barrett & Stanley (1999), indicat that 

the brief should be a sufficient document to execute the specification and detailed 

design as an essential reference for the team. The brief should be fully addressed before 

the commencement of detailed design stage (Yu et al., 2007). 

 

By investigating OGC (2003) and RIBA (2000) plans shown in Figure 2.2, the briefing 

stage is located as the first stage of construction project life cycle generally and also in 
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public construction projects particularly and consists of two phases. According to Yu et 

al., (2007); Green & Simister (1999) and Betteridge, (1992), the briefing stage divides 

into two main stages which are strategic briefing stage (Initial stage) and 

conceptualisation of built solutions and issues of performance specification (project 

briefing & feasibility stage). The latter stage is the more technical step to determine 

the options that meet the strategic objectives (business needs) determined in first step. It 

involves studying each option to choose the best one, while the strategic step consists of 

number of steps which aim to determine all the other functions of the briefing stage 

such as the project mission and requirements, the client organisation, stakeholders, 

Project constraints …etc. 

 

In addition, Abdul-Kadir (1996) points out that a successful conceptual stage, in which 

all its functions are probably established, affects the following design and construction 

stages and also highly affects the projects’ cost, so enough time should be given to this 

stage to achieve what is required. 

 

 

 

Figure 2.2 The detailed front end of RIBA and OGC work plans for construction projects 
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2.2.2.   The functions and requirements of the briefing stage 

Smith et al. (2005); Kelly, et al. (2004), Jaggar, Ross et al (2002), Barrett & Stanley 

(1999) state the various functions and requirements of the briefing stage for 

construction projects. They summarise these functions to be: 

 

� Client organisation structure and its strategy that forms client’s requirements (needs, 

objectives, wishes & expectations), a project mission and its functions (project 

strategy). 

 

� Project’s constrains, parameters and drivers (client value system) such as capital 

cost, operational costs, time, environment, comfort, politics..etc. 

 

� Client’s types and the method to deal with them. 

 

�  Roles and responsibilities of a client and stakeholders. 

 

� The option that will meet the outline business case. 

 

� Stakeholders and their hierarchy (paying client, users….etc). 

 

� A timing of a project and highlighting milestone keys. 

 

� Determining the most suitable procurement to give the best results. 

 

�  A complete understanding of the risks faced by a project and the allowances for 

them and a determination of their effects on the project’s value. 

 

It can be noticed that OGC work plan (Figure 2.2), attaches a high degree of importance 

to the briefing stage and the various necessary steps to achieve its functions such as 

establishing the requirements and needs of the client body, the budget, client’s 

organisation …etc. 

 

The decision to build should be confirmed and the procurement should be determined 

after this stage (Smith & Jackson, 2000). In addition, the whole understanding of the 



Chapter 2: Literature review 1: Critical overview of concepts 

 

22 

 

project as business should be achieved (why invest, why now, what the purpose and 

what is expected from the business project). 

 

Therefore, although there are several functions that need to be achieved during the 

briefing stage, the essential mission to be addressed is forming a full understanding of 

the various needs and requirements of the project client (Barrett & Stanley, 1999). 

 

 

2.2.3   Limitations in briefing practice  

Developing a sound project brief can be a difficult task because of the complexity 

involved. Various studies investigated these problems. According to Lindahl & Ryd, 

(2007); Yu & Shen, (2005); Jaggar et al. (2002); Kamara et al (2000) and Barrett & 

Stanley (1999), they include the following: 

  

• Inexperienced client 

• Client internal organisational politics. 

• Time pressure 

• Lack of information 

• Sometimes clients don’t know what they need. 

• Problems with regulations 

• Lack of tools and methods that determine the client needs and protect them from a 

bias during project life-cycle. 

• Lack of a comprehensive framework for briefing. 

• Inadequate involvement of and communication between all the relevant parties of a 

project. 

 

A major problem is presented by Chinyio et al. (1998) which was the difficult mission 

of forming a blueprint of the various clients’ needs and requirements for all projects 

according to the clients’ different preferences. But, they believe that it is possible to 

form the general needs and requirements of clients and then prioritise them according to 

each specific project. In addition, despite the strong effect of the briefing stage on the 

other stages of the project life-cycle, researchers have been more concerned with the 

construction stage than the briefing stage (Abdul-kadir & Price, 1995). However, the 

Latham Report (1994) calls for improvements to be made at the briefing stage to reduce 
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the costs and optimise the quality of the projects. As a result of many attempts and 

research studies to solve these problems (Newman et al., 1981; Seren, 1998; Kamara & 

Anumba, 2000; Pena and Parshall,, 2001; Kelly et al., 2004), many techniques were 

developed to achieve the brief stage mission in the best way, such as value management 

(Yu et al., 2007 and Kelly et al, 2004), quality function deployment, output 

specification and strategic needs analysis (Smith et al., 2003). All these methods depend 

on group collaboration by stakeholders in an attempt to determine and prioritise the 

various projects needs and requirements to be developed for the final product (Kelly et 

al., 2004 and Smith et al., 2003). Detailed explanation of some of these techniques is 

presented later in this chapter.  

 

Consequently, the importance of the briefing stage is established, according to which 

the better the quality of information in this stage, the better the results expected from the 

project. It is indeed the first task of a project development to cost the brief as presented, 

with sketchy information and without any sort of design (Ferry et al., 1999). 

 

 

2.2.4   Briefing stage in school projects (process, people involved and content) 

In school projects, the brief stage has the same importance and functions as explained in 

the previous sections. Creating Excellent Buildings: a guide for clients, (CABE, 2003) 

indicates that the briefing stage is an important stage of the councils’ work plan and 

gave it the name of a preparation stage of the project life-cycle (Design and 

Construction process) as presented in Figure 2.3.   

 

 

 

Figure 2.3 Design and construction process (source: CABE, 2003) 
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According to CABE (2003), the preparation stage is the stage to form the outline brief 

and detailed brief. The former contains information about strategic needs, educational 

vision, financial basis, educational goals and areas. The contribution of users, client and 

design team, with confirmation of all contributing organizations, translates the outline 

brief into a detailed brief. CABE in Creating Excellent Buildings (2003) indicates that 

the outline brief of a construction project has mainly design and construction 

information. These design and construction issues, such as project context, urban 

design, project parameters (time and quality), outline spaces, number of spaces and 

performance requirements, would be weighted to determine the cost. Further, involving 

all the contributing organizations has the highest effects and benefits during the 

preparation and design stages and less effect during the remaining stages. Detailed steps 

of the preparation stage of councils work plan with the consistency of different 

procurements process and RIBA plan of work in are presented in Figure 2.4. 

 

Figure 2.4 shows the main parts of the preparation stage that initiation, preparation, 

bid/approvals and development steps. The initiation step is the first step of a project 

development in which identifying the need for a building project within local strategy is 

established by analysing the local educational strategy to determine requirements and 

aspirations. The determination of the funder, such as local authorities (LEA) or DfES 

for the future programme is also done in this stage. The preparation stage is the step 

where a project team (coordinator team) is set up including a design advisor, education 

expert, users’ representatives and design champion, in addition to a steering group that 

contains the people who aren’t in a project team. They are responsible for developing 

the brief in more detail in terms of school size, proposed site, the future of the building, 

school requirements and needs, and the design solutions that meet these requirements 

and their budget. Ground conditions, archaeological, traffic and pedestrian routes are 

also set up. The bid/approvals and development steps are to form a detailed brief 

containing a robust design work and costs. It also includes information about the 

accommodation schedule, detailing the exact number of rooms, their minimum size and 

special internal requirements, in addition to urban design principles for the site and 

buildings. Project leader, design advisor, educational expert and construction team are 

responsible for developing the outline brief into the detailed brief. 

 

Concerning people who should be involved in the briefing stage, number of key people 

and organisations are determined as people who should be involved in the briefing 
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stage. If those people are known, the project needs and limitations will be determined. 

CABE, Being involved in School Design (2004) and Building Bulletins 98 & 99 (2004), 

and the Scottish Executive, Review of Scottish Executive Budgets (2006) and 

Evaluation Building our Future (2004) all state that the people that should be involved 

in preparing the brief should be those who learn in, teach in, use facilities, visit, work in, 

manage, govern, maintain, design, build and fund the school such as the Scottish 

Executive Education Department (SEED), design champion, LA representatives, head 

teachers, governers, parents, carers, pupils, teachers, representatives from the 

community, funders, other education service providers, architects, engineers, cost 

consultants, facilitate managers and building contractors. 

 

 

 

 

Figure 2.4 The detailed steps of preparation stage of councils’ work process (Source: CABE, 2003) 

 

 

These organisations and individuals are responsible for evaluating the occupied 

building. All these organizations and people should be brought together by a 

coordinating team known as a project team. The project team has representatives from 

each organization and is responsible for decisions that are taken on issues such as 

sustainability, safety and other design requirements. This team organises meetings to 
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establish the reasons for building the school, the various effects on the community, the 

various requirements and their solutions by forming a model containing all the answers 

to their questions. These requirements and questions would be, according to CABE, 

Being Involve in School Design (2004): which people will be involved in using and 

running the school; the effect of the school building on the surrounding areas and 

communities; the characteristics of the required internal environment; the ethos of the 

school; the required activities; the out hours use; the various learning needs; the 

movement and circulation flow; access; security; safety; the learning and teaching 

performance; the required accommodation; and the best practice guidance need to be 

taken into account. 

 

While the project team consists of the previously stated key people, Building Bulletin 

98 and Department for Education and Skills (DfES), Primary Exemplar Design Brief 

indicate that the client team of school project should include LA representatives, fund 

holders, senior school staff, other stakeholders such as health and social service, and 

users (teachers, learning support assistants, specialists, parents, other support and 

service workers, pupils, pupils with special needs). A client, according to Carroll 

(1993), is considered as the person or organisation mainly responsible for the funding, 

production, development and utilising of the project. Large owners/occupiers, public 

sectors, developers, refurbishing retailers and small owners/occupiers, who all have 

different requirements for their projects, are the main types of clients as identified by 

Yu et al. (2007). However, the client team keys differ among the different stages of the 

school project life-cycle. For instance, for publicly-funded school buildings, the UK 

government is the client for local authorities and LAs are the client for designing team 

and the contractor. Moreover, within LAs, the education department is the responsible 

client for determining the educational requirements, while students, teachers, facilitators 

and other staff are considered as the client of the education departments of LAs at the 

operational stage. So, each stage of the school project life-cycle has its own client.  For 

financial matters, the UK government is the client at the conceptual stage and LAs are 

the clients at the design and construction stages for PFI school projects, while in the 

traditional procurement, LAs are the main client of school project during all stages of its 

life-cycle. The client team typically uses a group technique to identify the desired 

outcomes of the project rather than specification to form the brief, which is called 

outcome-based approach. This approach consists of several steps to form the school 

project brief at early stage (commencement stage) and find the solutions as follows:  
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� Define the objectives of project (outcomes of school project). 

� Develop the options. 

� Gathering information. 

� Assessing the options 

� Analysis of the options 

� Choosing the preferred option 

 

This method depends mainly on establishing and determining the various needs and 

requirements of the clients of the school projects and creating solutions of them to 

achieve client satisfactions. CABE, Creating Excellent Building (2003) emphasises the 

importance of understanding and clarifying the school project needs and requirements 

(clients needs) at the various stages of project life-cycle generally and at early stages 

specifically. The clear definition of client needs at an early stage will reduce the 

uncertainty for all parties involved (Kamara & Anumba, 1999). The clear picture of 

client needs and requirements determined at early stages reduces design mistakes, 

changing orders in later stages and cost and time overruns (Eldin & Hikle, 2003; Barrett 

& Stanley, 1999). Yu et al. (2007) found that identifying the clients’ representatives 

who are responsible for decision making is one of the most important keys to producing 

a successful brief, which should be completed before the commencement of the design 

of project. They also found that determining the various clients requirements and 

prioritising them according to their highly prioritised needs and lower prioritised wants, 

are very important issues to consider at the briefing stage. Further, to achieve high 

school building in terms of quality, time and cost, CABE, (2003) encourages 

involvement of all the organizations that contribute or use the school building at 

different project stages, to determine their requirements that form the main functions of 

a project. Using the output specification method enables the project team to determine 

strategic education and design issues at early stage and, as a result, gives the project 

value for money, innovation, the opportunity to consider financial implications of 

different design solutions and reduces or eliminates changes in the later stages. 

 

As a consequence of all the previous information, the high importance of the briefing 

stage in which all tools and techniques should be employed to determine the different 

requirements, that are the key players in achieving client and user satisfaction, has been 

established in which the more client satisfaction is attained, the higher the level of 

retention and profitability which is obtained (Mbachu & Nkado, 2006; Smith et al., 
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2003; Chinyio et al., 1998; Syed & Kangari, 1995; Latham, 1994). Allowing enough 

time to determine the clients’ requirements is the major factor affecting the achievement 

of the briefing missions. Moreover, SE, Indicator of Sustainability (2003) states that 

costing satisfaction and enhancing the level of satisfaction with the services in terms of 

efficiency, effectiveness and quality are very important factors in achieving best value. 

It also indicates the importance of the assurance of client satisfaction at the early project 

stages, as achieving that at later stages costs more, causing the client to be dissatisfied 

with the cost. Client satisfaction has become a matter for concern as a result of the high 

ratio of UK clients’ dissatisfaction with their construction projects compared with other 

industries (Bowen et al., 1997; Kometa et al., 1994 and NEDO, 1974). Mbachu & 

Nkado (2006) found out that one of the reasons for client dissatisfaction in the 

construction industry is the insufficient addressing and understanding of the real client 

requirements and appraisal of their viability. Chinyio et al. (1998) realized the 

significance of determining client’s needs at the briefing stage and classified them under 

eight headings with ranking value. They are determined as aesthetics, economy, 

functionality, quality, working relationships, safety, surprises (i.e. lack of) and time. Yu 

& Shen (2005) called for application of VM as a way to construct a wide and broad 

client needs and requirements for a project to be used as a guide for the designer to 

achieve a full understanding of those requirements. Consequently, two main balanced 

missions should be achieved at the briefing stage, which are establishing the clients’ 

satisfaction by forming a whole framework of their needs and requirements and, in 

addition, costing those requirements, to give the client the opportunity to take the 

confident decision to go. Yu et al., (2007) consider client and user satisfaction and 

project cost to be the main indicators of key performance indicators, besides time and 

quality. It is not the situation that the brief should be just a list of wishes of the clients, 

but it is the balance between what can and can not be afforded by the available 

resources. In other words, the brief should attain a balance among the client key 

requirements, the available resources and other constrains and limitations such as site 

conditions to achieve the project objectives (Thiry, 2001). Langmaid (2003) takes the 

view that the designer can achieve the various requirements of the client but at different 

levels of performance, in accordance with the available budget. He stated that it is not a 

successful project that can be executed in a cost effective manner and within the budget, 

yet does not provide good value to the client by achieving their needs and requirements. 

A good project brief protects a project from delays and cost overruns (Yu & Shen, 

2005).  
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2.3.    Value management (VM) & Quality function deployment (QFD) 

as briefing techniques 

 

2.3.1   Value Management as quality technique used at the briefing stage 
 

 

2.3.1.1   Definition 

Value management is the name of the process that makes the sought functions of a 

project explicit and consistent with the client requirements. VM is a systematic and 

analytical method that establishes the Value for Money of a project by providing all the 

necessary functions within the required levels of quality at the optimal cost (AS/NZS 

4183, 1994). It is a good process to develop the best value for a project by establishing 

the best possible quality and function with the lowest possible cost (client value 

system). 

 

The main focus in value study is the client who will be responsible for the inception of 

the project (Kelly, 2004). It is a comprehensive concept comprising how value 

programmes are managed, how to prepare the study and follow up it (AL-Yousefi, 

2000). Further, VM is a way of solving problems in terms of discovering unnecessary 

costs and eliminating them while developing the function and the quality creating the 

Value for Money for the client (AL-Yousefi, 2000; Kelly & Male, 1993; Shen, 1993 

and Dell’Isola, 1982). It is concerned with the whole project life-cycle generally and the 

briefing stage specifically, where the acceptance of new ideas by client team is high and 

the costs for these ideas are relatively low (Kelly et al., 2004; Langmaid, 2003; Chan & 

Wu, 2002). 

 

Value management process generally consists of three main phases for each 

implementation according to (Kelly et al., 2004) which are: 

 

���� The orientation phase is the phase of preparing to gather information, in which the 

information gathering method is determined, in terms of the sources of information 

and how it can be gathered. 

 

���� The workshop phase aims to gather the information, prepare the function analysis 

diagram (FAST), create and evaluate the ideas, develop and present them. 
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���� The implementation phase is the stage in which the prepared study is implemented 

and monitored. 

 

The different missions of VM applied at the briefing stage, according to (Green, 1994), 

are presented in Figure 2.5. 

 

 

 

Figure 2.5 The different missions of VM at the briefing stage (Source: Green, 1994) 

 

 

Figure 2.5 shows the different required VM missions at the briefing stage which are 

very similar to the different steps of the techniques applied at the briefing stage such as 

the previously stated outcome-based approach and output specification method 

explained in the next chapter (Chapter 3). 

  

 

2.3.1.2   VM Functions 

Kelly et al. (2004) and AL-Yousefi (2000) agree that value management can be applied 

at all stages of a project life-cycle, but that the most effective implementation takes 

place in briefing stage, since, as pointed out above, the acceptance of new ideas is high 

and the costs for achieving them are low. They explain that value management can be 

distinguished from other techniques in having the most specific method of information 

gathering and also it benefits highly from the function analysis diagram, which leads to 

a holistic understanding of the project at the conceptual stage. It pilots the complete 

understanding of the project from business perspective by determining the project 
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mission and its parameters. In addition, VM is a way of exploring the project goals at 

the commencement of a project through interaction between the client and the project 

team, in which the stated goals are addressed by establishing the expressed function 

with the lowest cost (Liu, 2002). The main aim of the VM at the briefing stage is to 

express the various needs and requirements of the client body clearly and explicitly as 

project functions. It has also been pointed out by Kelly et al. (2004) and Green (1996) 

that it might also be at a useful aid for the briefing process by solving and reducing the 

conflict among the different objectives of the various interested parties (Kelly et al., 

2004; Green, 1996). VM arranges and organises the various determined requirements in 

a hierarchy style of the different levels. Shen & Liu (2004) has identified VM as a 

successful technique to determine the various client needs and wants at early stages 

through its function analysis technique (FAST, Function Analysis Systems Technique) 

which helps to determine those needs and organises them in hierarchy to obtain a full 

understanding of the project needs for all parties involved in.        

 

Kelly & Male (2004) and AL-Yousefi (2000) have identified the specific missions in 

each phase of the value management process as follows. 

 

In orientation phase: several missions achieved in this stage are:  

• Forming a value team. 

• Determining the client organisation structure and its strategy. 

• Identifying the stakeholders and the hierarchy of participants. 

• Gathering brief documents. 

 

In workshop phase: activities which should be implemented in this stage are: 

  

• Determining and classifying all the factors that affect the project under different 

headings [organisation (client organisation, users….etc), the project context, 

location, drivers, project parameters, politics, finance…etc). 

 

• Establishing the client value system to be prioritised. 
  

• Carrying out a review (time line, project drivers…etc). 
 

• Generating the functions and sorting them between high needs and low wants.  
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• Creating the FAST diagram, also called the client orientation function diagram. 
 

• The remaining of the activities of value study. 
 

Green & Moss (1998) recommend that the workshop stage of VM implemented at the 

briefing stage should be applied after the need of new-build project is agreed. They 

indicate that the main goals of this phase are to verify the need for the project, to 

promote agreement on what the design objectives should be and to establish the 

alternative suitable outline design solutions. According to Kelly et.al (2004), the whole 

understanding of the project in terms of its mission and parameters is established once 

the FAST diagram is completed. 

 

So information expected from a value management study in the conceptual stage 

includes: 

 

� The mission of the business project (why and why now) 

� Project context 

� Client value system 

� Client organisation structure 

� Overall purpose 

� Global capital budget and cash flow 

� Procurements options 

� Implementation plan 

�  The hierarchy of the project’s functions, using a Function Analysis diagram, 

depending on client needs and requirements as presented in Figure 2.6 

� Identifying those involved in all project stages (Stakeholders). 

� Decision making 

� Good communication between the client and other stakeholders.  

  

Function Analysis Diagram (FAST) is the technique used in VM to form an overall 

understanding of the project functions. These functions are outlined by the client and 
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other stakeholders’ needs and requirements. The value team uses the FAST diagram to 

organise the project functions in a hierarchy in which all requirements are drawn within 

its two boundaries (why and how) as shown in Figure 2.6. FA is considered as the core 

activity of VM process (Spaulding et al., 2005; Mansour, 1999; Davis & Yeomans, 

1998 and Zackrison, 1997). However, Spaulding et al. (2005) found out that the 

industry still uses FA as just one of the VM stages, or even abbreviates or omits it, 

rather than considering it as the core activity of VM.  

 

 

 

Figure 2.6 The basic form of FAST diagram 

 

 

2.3.1.3   Conclusion 

This review has highlighted the critical cross-link between VM and the briefing stage, 

in which the results sought from VM are addressing the required functions of briefing 

stage. Many writers and researchers stress the importance of VM in achieving the main 

functions of the briefing stage and writing a good brief (Yu & Shen, 2005; Hamilton, 

2002 and MacPherson et al., 1992). Moreover, Ellis, et al. (2005) stated the high 

importance of employing VM at early stages rather than later stages for quantity 

surveyors and consultant companies in UK, since utilizing VM at later stages would 

make cost cutter rather than adding value. An additional advantage of VM is that it is 

able to determine the client’s requirements at briefing stage explicitly and transfer them 

to design stage (Yu & Shen, 2005). It is a more helpful tool, more than other briefing 

guides such as Salisbury, 1998; Bailey, 1990 and CIRIA, 1985. These are considered as 
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inadequate techniques to achieve the brief functions by many researchers (Kamara & 

Anumba, 2001 and Barrett & Stanley, 1999). MacPherson et al. (1992) states that these 

guides are too general and not clear in giving real help to clients and designers. They 

tell what the outputs should be rather than how they can be achieved. However, despite 

all the advantages, the use of VM within UK construction industries is still limited for 

many reasons, such as not involving parties at the appropriate time, lack of experience 

with these kinds of techniques and time limitation.  

 

So, the useful applicability of VM and its adopted FAST technique at briefing stage of a 

project life-cycle to establish the best outputs of the brief stage is clear. However, no 

evidence has been found of the application of VM at early stages for new-build school 

projects within the various UK councils, in spite of its stated high importance. This lack 

of information pushed for the need to conduct a field study within the various UK 

councils, exploring the existence of application of VM in their work methodologies. In 

other words, an investigation was needed to find out whether or not the various UK 

councils apply VM or its techniques to extract and prioritize the various needs and 

requirements of the clients at the briefing stage of new-build school projects. This lack 

of evidence of using VM at the briefing stage does not prevent the researcher from 

using VM techniques such as information gathering, a hierarchical organization of the 

distilled client requirements to choose the tangible requirements and weighted 

evaluation at later stages in this research. Kamara & Anumba (1999) recommend that 

only those tangible client requirements which can be transformed into the design 

solution should be included in the weighting stage, while the very general requirements 

from preceding levels are not included. Further, Chan & Wu (2002) warn that the 

clients own words might be too general or too detailed to be directly employed as the 

formal client needs and requirements. 

 

 

2.3.2.   Quality function deployment as a quality technique used at the strategic 

stage. 

 

2.3.2.1  Definition 

Quality Function Deployment (QFD) originated in Japan in the late 1960s is a 

systematic approach to planning and communication to identify and prioritize client and 

users needs and requirements and then translate them into different technical solutions 
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(design attributes) in order to choose the best solution to achieve a higher client and user 

satisfaction in terms of quality, cost and time. It protects a project from becoming 

overdue in terms of cost and time by preventing revisiting of the preceding stage to 

correct mistakes and changes. In other words, QFD is a quality management tool which 

can be used in construction industry to enhance the coordinating skills and 

communication among the stakeholders to improve the quality of a design and product 

by achieving the client and user satisfaction (Hernandez et al, 2007; Eldin & Hikle, 

2003; Syed et al., 2003; Chan & Wu, 2002; Pheng & Yeap, 2001 and Kamara & 

Anumba, 1999). Chan & Wu (2002) suggest that QFD can be used for product 

development, quality management, client needs analysis, product design, planning, 

decision making, management, timing and costing. 

 

According to many researchers (Eldin & Hikle, 2003; Syed et al., 2003; Pheng & Yeap, 

2001 and Kamara & Anumba, 1999), the capability of using QFD on construction 

industry has been proved within concurrent procurements such as design & build (D/B) 

and public private partnership (PPP) procurements. Some of those researchers suggest 

that it can be used as a tool to assist other management methods and others have 

suggested the possibility of using it separately. Chan & Wu (2002) summarise the 

benefits of QFD as increasing the understanding of the clients and their needs, 

enhancing communication, enabling fast decision making and, most importantly, 

satisfying clients.   

 

QFD, also, can be used as a continuous process during the whole life cycle of a project 

in that it captures and protects the client and users requirements over the project 

development. It protects the client requirements from being biased and changed, 

especially for those projects with a long life-cycle (civil engineering projects) (Syed et 

al. 2003). 

 

This continuous process comes through four stages within the project life-cycle in 

distinction from the matrix of matrices model (Lager, 2005; Chan & Wu, 2002). These 

comprise: program planning in which the voice of customer is transferred to the voice 

of designer; product design, in which the voice of the design evolves into product 

characteristics; process planning where the product characteristics are developed into 

the constructing process; and process control which is expressed in the construction 
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period (Chan & Wu, 2002). However, it has the strongest effect at the program planning 

stage applied at the briefing stage (Pheng & Yeap, 2001; Kamara & Anumba, 1999). 

According to (Kamara & Anumba, 1999), QFD is a team-work technique in which 

different tools and techniques are used to achieve its functions. At the program level, the 

QFD team aims to determine and prioritize the clients and users needs and requirements 

and then transfer them to technical solutions. The QFD team should include 

representatives of all stakeholders involved in the required project. Tools used within 

QFD might be as follows (Chan & Wu, 2002). 

 

 

• Focus group, questionnaires, interviews, affinity and tree diagrams are used to 

determine analysis and prioritize client and users needs and requirements. 

 

• The House of Quality (HOQ) (see 2.3.2.2 below) is used to weight, prioritise and 

translate client and users needs into technical solutions. It also presents the extent to 

which the chosen design solutions achieve the determined needs. 

 

 

The team should go through three stages during applying QFD on construction projects, 

which are: defining requirements, in which stakeholders, project attributes, user 

characteristics and clients needs should be determined, then analysing the requirements 

in terms of client priority by assigning them with relative quantitative weighting, and 

finally translating the requirements in which the solutions emerge and are evaluated 

(Kamara & Anumba, 1999).      

 

 

2.3.2.2   The HOQ Matrix 

HOQ is the essential tool of QFD by which the various needs and requirements of the 

client and users with their design solutions are presented as seen in Figure 2.7. It is a 

matrix-based methodology used to transfer the client needs and requirements into an 

appropriate product (Kamara & Anumba, 1999). It is the core technique of QFD at the 

briefing stage (program planning stage) 
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Figure 2.7 The various rooms of HOQ matrix (Source: Pheng & Yeap, 2001)  

 

 

Figure 2.7 shows that HOQ matrix consists of: 

 

• Client & users requirements room with their rating of importance on a scale of 1-5 

represents the voice of customer- the ‘what’ section. Surveys, focus groups, 

individuals interviews, tree diagrams and cluster analyses are the various techniques 

used to construct this room (Chan & Wu, 2003). 

 

• The solution part, represented by the quality characteristic room incorporates the 

voice of designer- the ‘How’ section). 

 

• The relationship room presents the relationship between ‘What’ and ‘How’ sections. 

 

• The correlation matrix shows the relationship between the ‘How’ and ‘How’ 

elements to discover the conflict among design attributes at such an early stage of 

project and resolve it, based on the prioritization of the client and users needs. 

 

• The marketing information and client perceptions room contains the ‘sales market’ of 

the client needs (used only in renewing buildings only). The levels of performance 

the existing competitors or projects achieve for the client requirements are also 

presented. The room contains target values of achievement of the required project. 

The target values of the required project for the client requirements can be sought, 
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based on the designer experience, the levels of importance for the stated 

requirements and the levels of performance achieve by the existing competitors for 

the stated requirements. In other words, this room can include the previous existing 

buildings and their levels of performance in relation to the various determined client 

requirements for quality as well as cost comparison. 

 

• The technical assessment and target values room includes the absolute and relative 

weights of ‘How’ elements and their target values. 

 

Moving from stage to stage of the QFD process is achieved by transferring the elements 

for the selected ‘How’ section's of the first matrix to the ‘What’ section of next matrix 

and so on. This is the general way of working with QFD, but in fact many studies have 

been conducted to modify the way of working with QFD to suit the different objectives 

of these studies which are not the concern of this research. Chan & Wu (2002) indicate 

that there are no consistent or unified accounts of the concepts and procedures of QFD. 

Some researchers have called for financial considerations to be included in the 

application of QFD both to establish VFM for the projects studied by achieving the 

client requirements with lower possible costs, and to control the cost of the project over 

its life-cycle (Tang et al., 2002). Chan & Wu (2003) indicated that QFD is used to 

determine the requirements with higher importance to respond to and assign the budget 

to achieve them, while the requirements with less important can be neglected. 

 

Eldin & Hikle. (2003); Syed et al., (2003); Pheng & Yeap (2001) and Kamara & 

Anumba (1999) indentify project characteristics, client organizational nature, 

stakeholders, cost considerations, project duration and other constraints as points that 

should be considered when QFD is employed. In addition, Martins & Aspinwall (2001) 

regard large consumed time to apply QFD, lack of knowledge, lack of commitment in 

the groups, difficulty attaining the client requirements, lack of resources and completing 

the matrices of QFD as the main problems encountered with using QFD.  

 

QFD is used mainly in the automotive, electronics, and aerospace industries especially 

in USA (Chan & Wu, 2002). However, the applicability of QFD in the construction 

industry, although lower than in other industries, is confirmed by many researchers 

(Pheng and Yeap, 2001; Gargione, 1999; Kamara & Anumba, 1999; Abdul-Rahman et 
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al., 1999; Serpell & Wagner, 1997; Houvila et al., 1997; Armacost et al., 1994 and 

Mallon & Mulligan, 1993). The low numbers applying QFD in the construction industry 

generally, and at the briefing stage particularly, result from the unawareness of this 

technique among the sector participants (Dikmen et al., 2005).   

 

 

2.3.2.3.   Conclusion 

The applicability of QFD in construction projects generally and at the briefing stage of a 

project life-cycle specifically has been demonstrated in this section, although it is not 

well developed (Eldin & Hikle, 2003). It achieves the main aim of the briefing stage by 

finding out client requirements and their best solutions. However, there was no evidence 

of the application of QFD at early stages for new-build school projects within the 

various UK councils in practice, despite its stated high importance. There is only one 

example, given by Pheng & Yeap (2001) and Hernandez et al (2007), who use a 

computer room and nursery projects as examples of the application of QFD. They found 

that government practices show no awareness of QFD as a tool of quality management. 

This issue called the researcher to conduct field work within the various UK councils 

exploring the existence of application of QFD on their work methodologies. Again, the 

field work will aim to find out the possibility of application of QFD by the various UK 

councils at the briefing stage of new-build school projects to extract and prioritize the 

various needs and requirements of the clients. Further, the lack of evidence of using 

QFD at the briefing stage for new build-school projects does not prevent the researcher 

from using its techniques, such as questionnaires to determine the client needs and their 

importance, tree diagrams and cluster analysis, to organise and arrange the various 

determined requirements and the weighting style of the various client needs in a HOQ 

in the later stages in this research. The idea of using the aggregated weighting numbers 

of the various determined needs and requirements of the client in HOQ house has 

emerged. Since the relationship room contains the weighting issues of the extent to 

which the various chosen solutions ‘How’ achieve or relate to the various client needs 

‘What’ as in Table 2.1, the aggregated weighting number of each requirement can be 

obtained by applying equation 2.1.  
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Table 2.1 Part of HOQ house with two additional columns    

 
 

 

To get the aggregated weight in the same scale of the relationship matrix, each 

aggregated number is divided by the total number of chosen solutions ‘Hows’ as in 

equation 2.2. 

 

 

Where: 

-  m =   Number of client requirements 

 

-  n =   Number of chosen solutions 

 

- K =   Number of previous existing buildings 

  

- W1, W2,….,Wm =   The various client needs and requirements 

 

- d1, d2,…,dm     =   The level of importance assigned to the stated requirements. 

 

- H1, H2,…, Hn   =   The various chosen solutions to the stated requirements 

 

- Sij (where i=1 to m and j= 1 to n) =   The weighting numbers that express the extent to 

which the various chosen solutions achieve the various client needs and requirements in 

a scale of 1 to 5. They express the strength of the relationships among the client’s 

requirements and the chosen solutions, originally expressed by a 1,3,9 scale of weak, 

medium and strong respectively. However, as stated previously, QFD might be 

modified to suit the studied project, so the researcher elected to change the scale to a 

scale of 1 to 5 to fit the scales used in this research. 
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-  AS1, AS2,…, ASm =   The aggregated weight for the various requirements calculated 

by equation 2.1 which is  

                                              

                                                  ASi = ∑ Sij�
�	
                               Equation 2.1 

 

- CS1, CS2,…, CSm =   The calculated total weight in the same scale used in the 

relationship matrix obtained by equation 1.2 which is 

 

                                    �� =  
���

�
             where i= 1 to m                  Equation 2.2 

 

-  C1, C2, …, CK =   The various bidding construction costs of the competitors 

 

-  EC =   The estimated cost of the proposed new project. 

 

- A11 to Amk =   The different levels of performance or satisfaction which the 

competitors achieve of the various stated client requirements. 

 

-  A1r to Amr =   The target levels of the required new project. 

  

 

The different levels of performance resulting from QFD (CSi) for the new-build school 

projects are believed to be compatible with the levels of importance assigned to the 

various stated requirements chosen by the client (di) and the target values of required 

project, which express the levels of performance sought to be achieved by the new 

project for the various stated client requirements (Air). In other words, the target values 

of required project obtained based on the designer experience, levels of performance 

achieved by the previous projects to the stated requirements and the level of importance 

for each requirement, are considered to be the new input variables included in the 

proposed cost model as will be seen later, and compatible with the various levels of 

performance achieved by the new project (CSi), for control purposes. As a result, it is 

the mission of the estimator to understand the various client design and engineering 

requirements and their prioritisations for their projects in order to be able to use the 

proposed function-based cost model (the research outcome), relying on either the 

importance levels given to the various requirements by the clients, the target value of 
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required building or the calculated weighting numbers obtained by applying QFD to 

estimate the construction cost of the new-build school at early stages (as will be seen 

chapter 7). This is possible because as stated previously, the various requirements of the 

clients with their importance are believed to be available at the briefing stage. 

       

As a result of what has been stated previously about VM and QFD, several techniques 

have emerged as a result of the commitment to reach a full understanding of the various 

client needs for their projects at the briefing stage. The applicability of VM and QFD in 

construction projects generally and at the briefing stage specifically has been confirmed 

by many researchers. Further, different researchers have indicated how successful the 

application of these methods and their techniques, such as information gathering, tree 

diagrams with hierarchical classification, weighting methods and scales, HOQ, surveys 

and questionnaires, have been as tools to distil, weigh, control and save the client 

requirements over the project life-cycle adopted by the researcher at later stages of this 

research to determine the various design and engineering requirements of the new 

school projects. 

 

 

2.4   Cost estimation function at strategic stage (early cost advice) 

One of the most effective factors of project success is an accurate and reliable cost 

estimate especially at an early (briefing) stage to produce sound financial advice. 

According to Ferry et al. (1999), the total project cost generally includes construction 

cost as the main part, cost of land with legal costs of acquiring and preparing the site 

and professional fees, furnishing & fitting, value added tax, cost of financing the 

project, cost of management and operational costs. However, these components might 

be changed, eliminated or merged with each other according to the project 

circumstances. Construction cost is considered to be the core cost of the project 

financial requirements, forming the key player in the investment decision. According to 

Finnerty (1996), it should cover the cost of all facilities required for the project 

operation as free-standing entity (Finnerty, 1996). Although the operation and 

maintenance (running) costs might be more important than the construction cost over 

the project life cycle, the clients will cover the running cost through the project income, 

after its commencement. However, the construction cost will be related to the 

affordability to the clients and their decision to go ahead. The importance of the 
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construction cost comes from both its effect on the total project cost and the source from 

which the contractor and client would provide it. Tas & Yaman (2005) take the view 

that as creating a prototype for a construction project is uneconomical and impractical, it 

is extremely important to produce a forecast of the probable total construction cost. 

 

 

2.4.1   Definition 

The cost advice is the complete financial picture which the client or the interested party 

receives at the different stages of project life-cycle. It can be defined as the technical 

process employed to estimate and predict the total cost of executing a product or work 

in a specific time, using all the available information and resources (Kwakey, 1996). 

Further, cost estimation is the technical process of predicting the costs of construction 

and other technical and management issues for an as yet undefined project.  However, 

the earliest and most effective cost advice for decision making which the client receives 

is in the very early stages of a project (inception stage) when there is high level of 

uncertainty (Serpell, 2004; Trost & Oberlender, 2003). Early cost advice, which is 

considered the commencement step of the cost management process, is valuable in 

completing the whole picture of the project information, affecting the cost implications 

of design decisions and answering the first question asked by the project client which is 

“How much will the project cost me” which helps in decision making (Jaggar et al., 

2002; Oberlender & Trost, 2001; Elhag & Boussabaine, 2001; Rush & Roy, 2000 and 

Akintoye & Fitzgerald, 2000). So, the cost estimation mission becomes crucial, 

especially during the conceptual stage, in which the project scope is not finalized and 

very limited design information is available (Sonmez, 2004; Jaggar et al., 2002 and 

Ferry et al., 1999). It is therefore essential to form a full understanding of the cost and 

monetary issues of a new project development before the project actually begins, which 

might mean success or failure of the project (Elhag & Boussabaine, 1998).  

 

The importance of the cost estimating function, especially at the conceptual stage, 

comes from knowing that 70-80% of a product cost is committed during the conceptual 

phase, so any wrong decision during this stage will cause an extremely large change in 

costs in later stages (Rush & Roy, 2000). The cost figure would be required by clients, 

contractors, designers or other organizations for several purposes, such as feasibility of 

project, financial evaluation of number of alternative solutions and establishment of an 

initial budget (Sonmez, 2004). Ferry et al. (1999) point out that these estimated figures 
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should be quite clear in terms of what is included and excluded, for example, site 

preparation, complete internal decoration,..etc.  

 

Betteridge (1992) emphasizes that a reasonably accurate estimate is needed because of 

the notorious examples of construction projects growing in costs over and above the 

estimate at the feasibility stage. According to Snomez (2004), conceptual cost estimates 

are not expected to be very precise, since project scope is not finalized and very limited 

design information is available during this phase. However, quick, inexpensive and 

reasonably accurate cost estimation is needed, which also depends only on the 

information available at this stage, which is client requirements (Zhu & Liu, 2004). The 

accuracy of cost estimation at the conceptual stage is considered to be in the range of 

80% to 85% (Jong, 1992). Lees & Fortune (1996) cite Ellis & Turner (1986) and 

Proctor et al (1993), who reported that construction clients are generally unsatisfied 

with the quality of strategic construction cost advice provided by their professional 

advisors. The study conducted by (Aibinu,& Pasco, 2008) reveals that the accuracy of 

pre-tender building cost estimates has not improved over time and most of experts are 

not satisfied with the accuracy of estimates. At the briefing stage, project information 

such as client requirements, cost data and team experience is considered to be the 

factors affecting the accuracy of estimating process (Liu & Zhu, 2007). Further, 

Oberlender & Trost (2001) specify the people involved, the method of estimate as well 

as the project information as the main factors affecting the accuracy of cost estimates. In 

addition, Betteridge (1992) and Heemstra (1992) point out some reasons for the 

difference between the estimated cost and actual cost which happens in practice. They 

suggest the inclusion of functions which are not taken into account during the feasibility 

appraisal and a net increase in requirements described in the business specification, as 

the two main reasons. They also added underestimation of the quantity of work and the 

complexity of the application, specifications which proved to be technically unrealistic 

and major changes in the application of the architecture as further reasons for the cost 

difference. These problems occurred because of skimping the understanding of client 

needs that form the main functions of a project and not giving enough time to form the 

project brief document. Furthermore, many factors are determined by Ogunlana & 

Thorpe (1991) and Akintoye & Fitzgerald (2000) as accounting for inaccurate cost 

estimates. They indicate either the lack of information available for estimating including 

poor feedback on the accuracy of previous estimates, poor tender documents, poor 

project cost feedback, lack of adequate guidelines for estimating, and lack of historical 
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data on past estimates, or the lack of understanding of the information available 

including using wrong model to estimate the cost, insufficient time for estimating, lack 

of understanding of project requirements and poor comprehension of site requirements. 

Consequently, it is clear that there is a shortage of current cost estimation methods 

which meet client needs and requirements and achieve client satisfaction by predicting 

costs more reliably and accurately. Langmaid (2003) indicated that when there is a full 

understanding of the client needs at the early stages, there will be less chance of errors 

and miscalculations in the production of the estimated costs, These issues raise the 

importance of estimating the cost figure that totally express the client needs and 

requirements for the studied project. 

 

However, Yu (2006); Rush & Roy (2000); Ferry et al. (1999); Al-Harbi et al. (1994) 

and Heemstra (1992) all point out the many difficulties faced in the mission of 

estimating the project costs at the conceptual stage, which most of them relate to the 

lack of information and data available, and the lack of experience and high percentage 

of judgmental decision taken by the estimator. These include: 

 

• Limited information available at the briefing phase. 

 

• Limited data and information resources. 

 

• Some of the people involved in this stage don’t know what they need. 

 

• The lack of experience and knowledge in those responsible for the estimating 

function. 

 

• The estimator needs help at this stage (company-wide co-operation). 

 

• The high percentage of assumptions and risks that accompany with this mission. 

 

• The time pressure driving an estimator to estimate quickly something they don’t fully 

understand. 

 

• Clear, complete and reliable specifications are difficult to formulate at this stage. 
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• Characteristics of project and project development might make estimating difficult. 

 

• The great number of factors that have an influence on the project or the components 

which affect building cost. These factors are called cost drivers, such as project size, 

complexity, experience of development team. Few research studies have been carried 

out to discover the relationship between these factors and the cost (Ferry et al., 

1999). 

 

In the view of Ferry et al. (1999), the best way to avoid these problems, is selection of a 

cost estimation model with high level of accuracy. They argue that since cost is 

considered as an important measure of function and performance of a building, it should 

be modelled to evaluate the design. The cost estimating model is a symbolic 

representation of a system or process expressing the content of that system or process in 

terms of the factors that affect its costs. The cost model should give the client's cost with 

confidence and provide the ability to analyse and test the cost of the factors that 

represent the building. Jaggar et al. (2002) and Ferry et al. (1999) have stated that 

certain considerations and criteria must be taken into account when giving cost advice 

and choosing the suitable cost estimation model or method at different stages of a 

project life-cycle in which most of them go around understanding and evaluating the 

information available at the briefing stage to best choose the suitable cost model and 

sources of data to be employed. These are stated as follows. 

 

�  The most fitting model to use. 
 

� The sources of data that can be found. 
 

� The available information at the stage at which the model will be used. 
 

� Cost data used by the applied cost model should be comprehensive, reasonable and 

reliable. The cost model should use all the information available at the stage at 

which the model will be used. 

 

� The applied cost model should express the cost figure that meets the client's 

objectives and requirements and is used in decision making process. 

 

� The expectation of the client/design team. 
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� Also, the project type, procurement routes, type of client, the aim of cost estimation, 

the individual who needs the cost figure, the stage of project at which the cost model 

applied and the level of uncertainty. 

 

 

Further, Jaggar et al. (2002) point out client needs and requirements, size range, project 

parameters, site information, quality indicators and the type of procurement as the most 

important information which the client should give it to the estimators to ensure their 

cost models work well. Boussabaine & Elhag (1999) also emphasised the requirements 

of a client and the information and data available as the most important factor required 

to develop a cost model. 

 

Fortune & Cox (2005) present the different stages of the cost advice process at the 

conceptual stages relating to model selection, as shown in Figure 2.8.  

 

 

 

Figure 2.8 Model of building project price advice process (Source: Fortune & Cox, 2005) 

 

 

Figure 2.8 presents a high level model of the building project price advice process 

which could be employed in all types of construction projects. It shows that the 

information in the briefing stage should be available before cost estimating model 

selection and application start. 
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In the past, the cost advisors depended heavily upon only their individual experience 

and judgment, formulating the cost advice by extracting cost from similar previous 

projects (Akintoye & Fitzgerald, 2000 and Boussabaine & Elhag, 1999). However, 

because of the high level of underestimation or overestimation and the improvement of 

information technology, a change in the old practices was sought (O’Brien, 1994, Ferry 

& Brandon, 1991). Newton (1991) also called for new cost estimation methods as the 

old models tend to be more deterministic, abstract units of measurement and contained 

implicit assumptions. Langmaid (2003) views the main problem of current cost 

estimating methods as the fact that they rely widely on the estimator’s experience, rather 

than considering and expressing the client requirements. He suggests that to produce an 

accurate cost figure, the client needs and requirements should be fully determine 

beforehand. Further, Lees & Fortune (1996) point out that construction professionals 

responsible for providing strategic cost advice for clients have a predilection for making 

systematic errors of judgment. They also mention that judgments may have either a 

positive or a negative effect on the quality of advice presented. In the view of Elahg et 

al. (2005) most current cost models take into the account only the quantitative factors 

and neglect the qualitative factors such as client needs and priorities, which actually 

widely affect project costs. The problem is seen to be the judgments which the estimator 

takes for predicting project cost even before establishing a full understanding of the 

client needs and requirements. The involvement of the various client design needs and 

requirements in a new cost estimating model to study the extent to which these 

requirements influence the accuracy of construction cost of projects is the central to the 

thrust of this PhD study.          

 

Typically, cost models rely on different sources such as historic data, companies own 

information, expert opinion, manufacturers, suppliers and trade magazines (Jaggar et al., 

2002 and O’Brien, 1994). In the UK, one of or even the biggest source of cost 

information is historic cost data published by BCIS (Building Cost Information 

Service). It documents a wide range of projects, sourced from tendering documents 

(Jaggar et al., 2002; Ferry et al., 1999). 

 

Finally, the cost estimation model which the client sees as good, the contractor sees as 

not good and what the client sees as advantages, the contractor sees as limitations. 

However still there are general advantages and limitations for each model no matter 

who needs it. 
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So, the briefing stage is a very important stage in which a considerable amount of 

information should be determined accurately and clearly to help in selecting the most 

appropriate cost estimation model or method to deliver a successful project. The high 

importance of the cost estimating mission means a large number of methods and models 

have emerged as a result of several research studies. A considerable amount of 

information about both old and new cost estimation methods is presented in the next 

section in an attempt to evaluate their various advantages and limitations.  

 

 

2.4.2   Current cost estimation models and techniques 

There are a variety of models, methods and techniques proposed by different 

researchers to estimate the costs of a product or project at different project life-cycle 

phases. This part of this chapter will describe the process and underling principles of 

these methods simply, with their advantages and shortcomings according to the 

perspectives of the different parties involved. According to Ferry et al. (1999), the most 

important learning issue relating to any model is a comprehensive scoping of its 

limitations within the context of its use. 

 

Different classifications are assigned to cost models by different researchers. Heemstra 

(1992) classified cost models into two main general types which are top-down models, 

which start with the total cost of the project to split up among the various components 

and bottom-up, in which the cost of components is initially estimated to build up the 

total cost of the project. Another classification presented by Ferry et al. (1999), 

classifies the cost models into both a product-based cost model, which models the 

finished designed project, and a process-based cost model which models the process of 

the project. The latter model is not applied at early stages of the project life-cycle. They 

indicate that cost models should provide a quicker, more extensive, earlier, more 

reliable and more understandable form of cost advice. Jaggar et al. (2002) classify cost 

models more generally into a deductive model which is used when little design 

information is available, and an inductive model which is good for predicting future 

cost with more accurate. Further, they also point optimisation model in which 

optimisation solutions in terms of spaces are determined and stochastic model used with 

risk analysis. In addition, Newton (1991) stated that there are several factors by which 

the cost models might be classified which he calls descriptive primitives. These factors 



Chapter 2: Literature review 1: Critical overview of concepts 

 

50 

 

might give the user the possibility of choosing the appropriate cost model under 

different circumstances. These descriptive primitives are as follow. 

 

•••• Relevance: whether it relates to a specific design proposal or to general. 

 

•••• Units of measurement: (abstract, finished work and as-built). 

 

•••• Cost/price: the model gives a basic builder cost or price (client cost). 

 

•••• Approach applied: micro (the cost of parts of building) or macro (a total cost of 

a building). 

 

•••• Time-point application: the stage of projects plane which the cost model applied 

at according to RIBA plane of work (conceptual, feasibility, sketch, etc). It 

affects the degree of detailed data required for the model. 

 

•••• Techniques used: a more specific classification such as dynamic programming, 

expert systems, functional dependency and linear programming. 

 

•••• Assumption types: either explicit or implicit. 

 

•••• Uncertainty: deterministic (model without a formal measure of uncertainty) or 

stochastic (with a formal measure). 

  

Based on the previous classifications and for the purpose of this research, the cost 

models and methods to estimate the different costs of a construction project published 

by the various researchers are investigated within this research and classified into two 

major sections as follow. 

 

 

2.4.2.1   Traditional cost estimation methods and models 

Most traditional cost estimation models are used as either a first sight estimation at the 

conceptual stage or as detailed estimates at later stages (Rush & Roy, 2000). Under the 

first sight category, Ferry et al. (1999) and Jaggar et al. (2002) mention single price rate 
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methods such as the cube method, the superficial area method, the unit method and the 

storey enclosure method as the typical methods. They state that the client of a new 

project might ask for either costing a design, where the estimator depends upon the 

information they obtain from the client, such as size, location, client needs, time to 

deliver a project, to find an appropriate historic analysis to determine the cost bracket 

(cost per functional unit, per square m), or: Design to cost in which the design team 

attempt to design the project within the stated client budget. The financial advisor is 

responsible for auditing the cost of specifications to be within the budget. In both 

situations, the estimator depends on statistical deductive models with different 

adjustments.  

 

These methods are good for determining the client budget and use in such early stages 

of a project with such limited information. However, they have disadvantages in that 

they cannot be related to or used at the design stage (cost control) and in their lack of 

flexibility in being adapted to any change in specifications or site conditions which call 

on the skill of the cost advisor's judgment to compensate for them (Langmaid, 2003 and 

Ferry et al., 1999). Fortune & Cox (2005) argue that cost estimation methods which 

depend on the size of the building in square meters and a single price rate do not 

provide certainty in relation to the final cost of the building.  Several considerations 

should be taken when these methods are applied, which are adjustments for time 

(inflation and market condition), location, specifications, building size and number of 

storeys. What is included and excluded should also be taken into account. So the 

estimator would depend on the client brief information and their judgment and 

experience to choose the best similar past projects to be used, with some adjustments, in 

obtaining the predicted cost of the new project. These models rely widely on the 

experience and strength of judgment of the estimator rather than developing a full 

understanding of the projects needs and requirements. They depend only on the 

variables of area, volume or the number of functions served. 

 

In addition, detailed estimates or ABC (Activity Based Cost) methods depend on a 

detailed understanding of the product development and definition, which try either to 

price the materials, plants, labour and overheads of the elements of projects or to cost 

the activities needed to produce the project. Neither of these methods are suitable for the 

conceptual phase. The methods included in this category are, according to Ferry et al. 

(1999) elemental cost analysis, standard method of measurement (S.M.M) items (Bill of 
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Quantities(BQ)), features, operations and resources and spatial costing in which the cost 

of each room are determined, depending on the function. Although, the BQ method is a 

good traditional model, it is not for control purpose and is prepared in the late stages 

when any change sought becomes difficult and expensive.  

 

Ferry et al. (1999) also presented the different traditional cost estimating methods and 

models applied at the different stages of the RIBA project plan of work as in Figure 2.9. 

 

 

 

 

 

Figure (2.9) The traditional cost estimating methods and models (Source: Ferry et al., 1999) 

 

 

Other techniques that come under this cost estimation method and might overlap with the 

previous methods, which are indentified by Akintoye & Fitzgerald (2000) and Heemstra, 

(1992), are: 

   

• Comparison with similar past projects based on personal experience. 
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• Comparison with similar past projects (in terms of function) based on 

documented facts. 

 

• Estimating standard procedure 
 

• Intuition method. 
 

• Estimates based on price to win. 
 

• Estimates depend on available capacity. 
 

• Published price information. 
 

• Range estimation 
 

 

They found that construction firms use the first cost estimating methods more than the 

other stated methods. 

 

Traditional estimation methods depend heavily on past similar historic projects or 

purely on the experience of the estimator in costing. They are criticised in the 

concurrent engineering environment for being out of date, most industries no longer use 

them, they give only a single point cost figure and don not reflect reality, because they 

do not allow for risk and uncertainty and they do not express the client needs and 

requirements. Almost thirty years ago, Brandon (1982) stated that these methods built 

on unsatisfactory theories and called for new ones. However, it has been found that 

these models are still in use by contractors for preparing tenders and monitoring project 

execution, rather than evaluating and auditing a project success (Rush & Roy, 2000; 

Akintoye & Fitzgerald, 2000). Lees & Fortune (1996) found that construction 

organizations still highly use the traditional cost estimating methods for early cost 

advice in preference to modern techniques such as life-cycle, risk analysis, 

resources/process based and value related models, even though value related models 

give higher accuracy and reliability than the traditional models. They stated that despite 

all the calls of researchers for a “paradigm shift” in the method of costing projects, 

construction firms still use the traditional methods. Bowen & Edwards (1985) argued 

that the strength of these models come from the ability to parallel the design process and 

ease of understanding. The reason for not using of the new methods might be related to 
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their difficulty in application and also their inability to achieve the desired outputs 

which the construction firms are looking for. Thus, developing a cost model that 

expresses the various client requirements, predicts a reliably accurate cost figure and 

convinces the construction firms of its ability to satisfy a project client, is a goal.   

 

 

2.4.2.2   Modern cost estimation models 

Several techniques and methods come under this category, which might be classified 

into the following ways. 

 

 

2.4.2.2.1   Parametric estimating models 

These models are used widely at the conceptual phase rather than other phases. The cost 

is estimated as function of a number of independent variables representing the most 

important cost drivers, such as location of the construction, construction year, building 

type, number of floors,..etc. The values of the parameters and the type of algorithms that 

link the variables are based on the contents of a database of previous historic completed 

projects (Heemstra, 1992). Many techniques come under this type of cost models which 

can be categorised as follows Sonmez, (2004) and Rush & Roy, (2000). 

 

 

A- Cost Estimating Relationship (CER)  

This method depends on finding the relationship between the drivers of the project and 

the cost in the form of an algebraic equation. This equation might be a simple or 

complex equation according to the number of drivers related to the cost figure. 

However, it is difficult to take all the cost drivers into consideration within a cost 

model, so it is important for organizations to consider the most important drivers to be 

included in the model and the way of structuring them. Heemstra (1992) criticised those 

cost drivers as being not well defined, have a subjective nature to individual experience 

and are difficult to quantify. However, Williams (2002) and Rush & Roy (2000) suggest 

that CER with a regression model is a very good technique for predicting the project 

cost especially at the conceptual stage.   
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B- Linear and non linear regression model (parsimonious model)  

This model depends initially on the CER equation, with an attempt to reduce the 

number of drivers. Only those drivers which strongly affect the project cost are retained 

in the model (Sonmez, 2004). Sonmez & Rowings (1998) stated that models including 

only a few significant parameters forecast more accurately than those models including 

less significant parameters.   

 

  

2.4.2.2.2   Feature Based Costing (FBC):  

This model attempts to create an equation, which is similar to CER, to find the 

relationship between project features and cost, so this model is used widely at design 

stage, because a broad understanding of the features is required (Rush & Roy, 2000). 

This model has the advantages of forming an understandable picture of the correlation 

between the cost and the project feature, and the ability to determine the product 

functionality and performance 

 

 

2.4.2.2.3   Other parametric relationship models  

Heemstra (1992) further observed in his study that some of the PE models for 

estimating the cost of product concern on the size rather than productivity and other 

models are vice versa such as the constructive cost model (COCOMO) and Function 

point analysis (FPA). Although, these models are used only on software industry, they 

gave a good indication of the beneficial use of the functions fulfilled by the product as 

cost drivers to produce an accurate and reliable cost figure. The most important 

advantage of FPA model is that it indentifies client requirements resulting from the 

business analysis stage.  

 

Generally, several advantages and limitations are associated with PE models. According 

to Sonmez (2004); Rush & Roy (2000) and Akintoye & Fitzgerald (2000), these are: 

 

� CER relies purely on statistical analysis techniques rather than engineering 

knowledge. 

 

� It describes the process for estimating quantitative issues but not qualitative 

issues. 
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� Data needs to be wide, meaningful and accurate. 
 

� Assumptions should be clearly identified and carefully documented. 
 

� It requires the user to make decisions about the class of relationships which is 

difficult especially when these relationships are non-linear. 

 

However because the strengths of CER are: 

 

� It covers the risks and uncertainty (metric measurement). 
 

� PE is an excellent predictor of cost when procedures are followed. 

 

� With attention to the above conditions, PE is excellent in terms of accuracy, 

variability, model creation and model examination. 

 

� It is a good method when the time is at a premium, verifying the accuracy of 

detailed cost estimates produced by conventional techniques, and determining 

the approximate value of the project for decision making. 

 

Sonmez (2004) also found that the PE models have a reasonably good predictive 

performance. However, despite all these advantages, the contractors still do not use PE, 

because it does not tend to create detailed estimates (Akintoye & Fitzgerald, 2000). 

 

 

2.4.2.2.4   Artificial intelligence models 

There are several techniques which come under this category, but those most frequently 

applied are: 

 

 

A- Neural networks (NNs) and presence of fuzzy logic 

This method relies on teaching and training a computer program which project 

attributes have the most effect on project cost and what the relationship between them 

is, depending on past case examples. NNs can be used during all stages of a project life 

cycle generally and at conceptual stage specifically (Hegazy & Ayed, 1998) 
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In comparison with PE 

 

� It needs large case base in order to be as effective as PE. 

 

� It is not suitable for novelty or innovation because the case base needs to be 

comprised of similar products. 

 

However,  

 

� It is not necessary to determine the type of relationship between the drivers and 

the cost, especially when this relationship is nonlinear, because this method will 

discover this link without effort from the user. However, this characteristic is 

also a limitation because it makes NNs as a ‘black box’ of CER and that is not 

desirable if the client wants to understand the relationship as well as causing 

limitations in the use of risk analysis tools. 

 

� A NNs model produces better-cost prediction, if a number of conditions are 
adhered to. 

 

� It saves time extensively. 

 

Furthermore, Sonmez (2004) found that this type of model provides a better fit to the 

data. This fact was advocated by Emsley et al. (2002), who showed the benefit of NNs 

in formulating non-liner relationships.   

 

 

B- Case Based Reasoning (CBR) 

This method relies totally on determining the similarities and differences between the 

products based on historic data to cost the new product and find solutions for problems. 

This model needs a wide base of past cases to be effective. 

 

 

2.4.2.2.5  Range estimation: (Pareto analysis, heuristics and Monte Carlo simulation) 

According to Akintoye & Fitzgerald (2000), these methods depend on producing a range of 

estimated figures rather than single point figure. The main advantage of these methods is their 
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capacity to eliminate or reduce the risks involved in cost estimation by giving a range of 

estimated figures. These methods could be used consistently with traditional cost models 

(Akintoye & Fitzgerald, 2000). Isidore & Back (2002) stress the importance of quantifying the 

risk of an estimate by using probabilistic range estimating and Elkjaer (2000) states that using 

stochastic budget simulation at the proposal stages of a construction project has more benefits 

than the other methods. Langmaid (2003) and Ferry (1999) suggest that these approaches are 

useful if a full understanding of the projects needs and characteristics cannot be achieved.  

 

 

2.4.2.2.6   The pragmatic approach  

This approach employs a mix of tools drawn from regression analysis, probabilistic 

estimating and neural networks, benefiting from all the advantages of these methods 

while avoiding the limitations, for example, solving the problem of using a single point 

models by mixing them with probabilistic estimation (Sonmez, 2004). Emsley et al. 

(2002) used in their model a mix of linear regression analysis and NNs. They employed 

linear regression analysis to determine the cost factors that have linear relationships 

with the cost figure and then applied NNs method to discover the variables in the final 

shape.  

 

Akintoye & Fitzgerald (2000) found that although all these previous methods have 

excellent advantages, contractors still do not use them. However, contractors do use 

other methods to determine the cost of a project such as cost estimating software, 

specialist subsidiaries and published price information. So the contractors tend to use 

cost based models rather than market based models (Mochtar & Arditi, 2001). Further, 

Fortune & Cox (2005) found that large-size quantity surveying and project management 

organizations still use traditional forecasting deterministic method in preference to 

methods such as life-cycle methods and modern approaches. 

 

The previous stated cost estimation models and techniques have covered models 

typically applied at the conceptual and design stages. However, Fortune has summarised 

in his studies (1999; 2005) the various cost models in application, as shown in Table 

2.2. The study also included models employed for predicting the life cycle costs. Lees & 

Fortune (1996) found that among these methods, value related cost estimating models 

which use value management and other value methods have the highest percentages of 

accuracy, reliability and value. However, according to their study, construction 
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organizations have stated that the value related models were not generally understood 

by those who do not use this method in opposite to the traditional models.   

 

 

No Model type Mean No Model type Mean 

 Traditional Models   21 Time series Computer 

1 Conference Manual 22 Casual costs Computer 

2 Principle items Manual 23 Dynamic program Computer 

3 Comparison Manual 24 Linear programs Computer 

4 Judgment Manual 25 Fuzzy logic Computer 

5 Graphical Manual 26 Artificial NN Computer 

6 Unit Manual 27 Neurofuzzy Computer 

7 Superficial Manual  Life Cycle Costing  

8 Superficial perimeter Manual 28 Net present value Computer 

9 Cube Manual 29 Payback method Computer 

10 Story-enclosure Manual 30 Discounted cash flow Computer 

11 Functional unite Manual  Resource/ Process  

12 Interpolation Manual 31 Resource Computer 

13 Significant items Manual 32 Process Computer 

14 Approximate quants Manual 33 Con cost simulator Computer 

15 Elemental analysis Manual  Risk Analysis  

16 Detailed quants Manual 34 Monte-Carlo Computer 

17 Financial Manual 35 Other risk analysis Computer 

 Knowledge Based   Value Related  

18 ELSIE Manual 36 Value management Computer 

19 Other KBS Manual 37 Other value Computer 

 Statistical Models  38 CAD 3D models Computer 

20 Regression analysis Computer    
Table 2.2 Cost models in application identified as available for use (Source: Fortune, 1999; Fortune 

& Cox, 2005) 

 

 

Consequently, a range of methods and techniques are available to be utilized for a 

construction project cost estimating mission. However, it is the mission of estimator to 

choose the technique which best suits their type of project, variables included (cost 

drivers), degree of accuracy sought and available resources. For example, the CER 

regression model is better than the NNs model for predicting project cost when the data 

is not extensive and the relationship type between the cost and its drivers is clearly 

determined (Williams, 2002 and Elhag & Boussabaine, 2001; Rush & Roy, 2000). 

 

 

2.4.3   The cost drivers applied in the various conceptual cost models  

Most of the cost estimation models and methods used in the construction industry 

depend on either designing variables such as type of foundation, or informative 

variables such as the cost of labour, materials and equipments. However, all the 
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information about these variables is not available at the conceptual stage. To put it more 

simply, the first condition of developing a cost estimating model or approach is using 

only and all the information available at the stage at which the cost model is used 

(Langmaid, 2003 and Ferry et al., 1999). 

 

Considerable time was spent by the researcher in investigating the various cost 

estimation models and methods developed in literature and their cost variables 

employed to predict the project cost. As a result, many cost estimation models and 

methods and several cost drivers employed to predicted project cost, were identified. 

Adeli & Wu (1998) advocated using NNs for developing a cost model for highway 

projects relying on technical design elements. Hegazy & Ayed (1998) also developed a 

cost estimation model for highway projects, using project scope, project type, year, 

construction season, location, duration, size, water body and soil condition as the inputs 

variables for their cost model. In addition, Thalmann (1998) employed regression 

analysis to estimate residential projects relying on proportion of external wall areas 

underground and proportion of openings in external wall areas, which are believed, in 

the context of this research, to be not available at the conceptual stage, with usable floor 

area and year of construction as the input variables of their model. Boussabaine & Elhag 

(1999) found, in their study of the extent to which cost attributes influence the tender 

price of office buildings, that all studied cost attributes but floor area and contract 

duration variables have little inter-dependency with the tendering cost. They pointed out 

that only floor area and contract duration have a high linear relationship with the 

tendering cost, but they did not study the effect of the other information which might 

have been available at their studied stage, such as client design requirements. They also 

developed a cost estimating model of office buildings in (1999) relying on the variables 

shown in Table 2.3. The previous stated cost estimation models are good but were 

flawed because they seem to miss out information that would have been available such 

as the various client requirements, or rely on information that would not actually be 

available at the briefing stage such as frame and foundation types and others. 

 

 
 
 
 
 
 
 



Chapter 2: Literature review 1: Critical overview of concepts 

 

61 

 

No Factor No Factor 

1 No. of tenders 8 Ground conditions 

2 Type of contract 9 Foundations 

3 Procurement 10 Site access 

4 Site slope 11 Work space in site 

5 Fluctuation 12 Number of stories 

6 Gross floor area 13 Duration 

7 Frame   
Table 2.3 The various cost factors included in Elhag & Boussabaine model (1999) 

 

 

Gunaydin & Dogan (2004) and Emsley et al. (2002) called for using NNs  and 

regression techniques for early stage estimation, but they depend on some parameters 

that are believed to be not available at the conceptual stage, such as the floor type of the 

building, the console direction of the building, air conditioning, ceiling finishing, 

external doors and the foundation system.  

 

The same issues also are raised from investigating other studies. Sonmez (2004) also 

developed a cost model for care retirement community projects using NNs and 

regression analysis in which construction year, location, total area, number of floor and 

structured parking percent were the cost attributes involved in this model. Furthermore, 

Chan & Park (2005) used a principle regression to build a new cost estimation model 

for construction projects. They included 57 factors in their model, some of which are 

believed to be not available at the conceptual stage, such as good bidding information, 

time given to owners/consultants to evaluate bids and consultant’s staffing level to 

attend to the contractor. They found that technological and project design requirements 

preset by the client and the consultants; and the client’s desired level of construction 

sophistication play an important role in determining the cost of the project. Moreover, 

Lowe et al. (2006) used a regression model to estimate the project cost at early stages 

relying on information such as mechanical installations, ceiling finishing and piling, 

also not available at the briefing stage. The same issues again and again were emerged 

by other researchers who tried to develop cost models to estimate the cost at the 

conceptual stage, such as models, cited in Newton (1991) such as Kouskoulas & Koehn 

(1974); Flanagan & Norman, 1978 and Meijer, 1987 (traditional methods); Picken & 

Ilozor, 2003; Attalla & Hegazy, 2003; Skitmore & Ng, 2003; Love, 2002 & Love et al., 

2005, Wheaton and Simonton, 2005 and Stoy& Schalcher, 2007). A summary of all the 

previous cost models are presented in Table 2.4. 
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Cost model 
Project 

type 

Technique 

used 
Cost drivers examples 

Adeli 1998 Highway NNs Technically designing elements 

Hegazy & 
Ayed  1998 

Highway NNs 

• Project scope & type 

• Year & construction season 

• Location & duration, size 

• Water body & soil condition 

Thalmann 
1998 

Residential Regression 

• Usable floor area 
• Proportion of external wall areas underground 
• Proportion of openings in external wall areas 
• Year of construction 

Boussabaine 
& Elhag 
1999 

Office 
Regression 
& NNs 

Table 2.3 

Emsley et 
al. 2002 

General 
Regression 
& NNs 

• Type of contract & duration 
• Site related drivers (access, topography) 
• Design related drivers such as gross internal floor area & 
ceiling finishing 

Picken & 
Ilozor  2003   

Residential    Regression Building height 

Attalla & 
Hegazy 
2003   

Reconstructi
on   

Regression 
& NNs 

• Scope definition and planning 
• Tendering stage 
• Schedule 
• Quality 
• Communication 
• Safety 
• Project completion 

Skitmore & 
Ng 2003 

General Regression 

• Client sector 
• Contractor selection method 
• Contractual arrangement 
• Project type 
• Contract period 

Gunaydin & 
Dogan 2004 

Residential NNs 

• The total area of the building 

• The ratio of the typical floor area to the total area of the 
building 

• The ratio of ground floor area to the total area of the 
building 

• The number of floors 

• The console direction of the building 

• The foundation system of the building 

• The floor type of the building Reinforced 

• The location of the core of the building 

Sonmez 
2004 

Retirement  
Regression 
& NNs 

• Construction year 

• Location 

• Total area 

• Number of floor 

• Structured parking percent 

Chan & 
Park  2005 

General Regression 

57 variables such as 

• Good bidding information 

• Time given to owners/consultants to evaluate bids 

• Consultant’s staffing level to attend to contractor. 

Love 2002; 
Love et al. 
2005 

General Regression 
• Duration 
• Gross floor area 

Wheaton & 
Simonton 
2005   

Residential 
&office   

Regression 

• Number of stories 
• Absolute size 
• Number of units 
• Frame type 
• Year of construction 

Lowe et al. General Regression • Mechanical installations 
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2006 • Piling 

Stoy & 
Schalcher  
2007           

residential Regression 

• Median floor height  

• Ratio of ancillary area for services 

• Construction duration  

• Compactness of the building 

Kim et al 
2008 

Highway 
CBR 
algorithm 

• Location  

• Project type (new, extension) 

• Contract type 

• Construction period 

• Total length of road 

• Road width 

• Total length of bridge 

• Total length of tunnel 

Cheng et al. 
2009 

Houses NNs 

• Floors underground 

•  Total floor area 

•  Floors aboveground 

• Site area 

• Number of households 

• Households in adjacent buildings 

• Soil condition 

• Seismic zone 

• Interior decoration 

• Electromechanical infrastructure 
Table 2.4 The previously studied cost models with their related variables 

 

 

In addition, these cost models do not express client satisfaction by articulating their full 

needs and requirements. In fact, most of the previous cost estimation methods concern 

on enhancing the accuracy of prediction based on employing more or less of the 

previous cost variables and either using different estimation techniques or a hybrid of 

techniques, or using series of equations to reduce the error percentage mathematically. 

Emsley et al. (2002) states that cost attributes whose values are known at the early stage 

should not be isolated from each other in building a cost model. The failure of these cost 

model in expressing client needs and requirements accuses difference emerged between 

the early estimated cost and the cost estimated after the design was set out, in which the 

design would express the various client needs and requirements but does not fit in the 

early cost figure which was developed not relying on the client requirements. It is very 

important to estimate the cost that expresses client needs (the voice of client) rather than 

the design attributes (the voice of design) (Eldin & Hikle, 2003). Chan & Park (2005) 

advocates the importance of predicting cost at early stages by utilizing cost estimation 

models which depend on tender documents elements such as type of contract and 

characteristics of the project. However, although those variables might be available at 

the briefing stage, they do not achieve the client satisfaction because they do not fully 

represent the client requirements which are available at the briefing stage. Calling for a 

cost estimation model which expresses client needs and requirements becomes essential 
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in attempting to reduce the gap between the early estimated cost figure and the cost 

estimated after the design set up. Longmaid (2003) has criticized traditional cost models 

and called for either range estimating or function-based cost models, which depend on 

the various projects function.  

 

 

2.4.4   Cost estimation methods and models in school projects 

The previous section covered the various cost models applied to estimate the cost of 

new projects generally. However, Karshenas (1984) and Ji et al. (2010) advocate that 

different types of buildings should be studied separately, as the type of building has a 

large influence on the project. This section is an attempt to describe the various cost 

estimation models applied for new-build school projects in practice. Estimating the 

project cost at the conceptual stage of construction project is a very important step for 

project success. It determines a project budget for the decision making process in which 

LAs could determine their financial plan for funding their public projects. The actual 

problem is a non-similarity between the budget assumption and the actual approved 

build programme in school projects. According to (SE, Review of Scottish Executive 

Budgets (2006), National Statistics Publication, 1999-2000), there was a gap between 

schools PPP budget assumptions and actual approved build programme.   

 

According to The Scottish executive (SE, Scottish Executive Budgets, 2006), for school 

projects, the Scottish government, via the Scottish Executive (SE), pays money every 

year to local authorities (LAs) which are in turn responsible for distributing the funds 

between different sectors of society, such as health and education. The educational part 

of SE funding together with the LAs own money specified for education are distributed 

for building new traditionally procured school buildings and for running costs of 

existing schools. The LAs own money comes from different sources such as sale of 

assets, the use of contributions from revenue, borrowing, and non-governmental 

contributions. However, this fund is not used for building new school projects procured 

by the Private Public Partnership (PPP). PPP School projects receive their own funding 

from the SE, separately. For example, SE granted £270 million for four councils to 

spend on PPP school projects in 2005.  

 

In fact, there is little published information about the financial framework and cost 

models used during a school project life-cycle. According to CABE (Being Involved in 
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School Design, 2003), the cost per square metre at 1Q2005 of a high quality standard 

school project is 1,226/m², excluding abnormal substructure, furniture and equipment 

(F&E), fees and external works. CABE calls for adjusting the cost figure for time and 

location adjustments by data available in either DTI or BCIS cost data. In the new 

costing method used for basic needs school projects, the required area per student (from 

BB98 and 99) is calculated, then the cost per square metre for each place (actual 

tendered projects) is multiplied by the calculated area to obtain the cost per place, as in 

the following equation 1.3 

 

Area required per place x cost per m² to each place = cost per place x factor…Equation 1.3 

 

This factor expresses all the excluded issues, such as expected VAT and land price. 

 

DfES in (School Building Projects (Information in Costs and Performance Data, 2003)) 

has created data for costing school projects. This data depends on historic school 

projects achieved under different procurements methods, such as traditional, design and 

build and PFI procurements. This cost model estimates the school project cost, 

including the cost of the school building that achieves the design aspiration, innovation 

and sustainability and  higher specifications for environmental and energy efficiency 

standards. This model depends on the school area of the previous version of BB82. 

Several cost data might be relied on for this cost model such as BCIS, DTI, SPONS and 

Luckins. However, DfES prefers BCIS and DTI, as professional consultants involved in 

education projects have easier access to these data. The school project cost estimated by 

this model consists of building cost adjusted for time, location, tender price movement, 

design specification, planning requirements, site conditions and contract size, 

allowances for site works, professional fees which differ among the different 

procurements, furniture, equipment (F&E, ICT infrastructure) and all the abnormal 

costs. All the previous costs except building costs are taken as either a percentage of the 

building cost or a sum of money. This cost model relies on the number of students and 

the age range as the variables involved, giving the cost of the building at early stage of 

project life-cycle. 

 

Few researchers have attempted to develop cost models to estimate the cost of school 

projects at stages of a project life-cycle generally or at the briefing stage specifically. 

Al-Momany (1996) formed a cost model to estimate the final cost of Jordanian school 
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projects. However, the cost model predicts the final school project cost depending on 

the bid price of project, project area and variation order as input variables in which is 

useful for later stages. Madni (2004) advocates the huge importance of predicting a cost 

at the conceptual stage for school projects and criticises the current methods which 

depend only on the main function of school projects, such as whether they are primary 

or secondary school. She argues that estimating an accurate cost figure at the briefing 

stage is the solution to the problems that have emerged among the councils, AE 

companies and contractors, and would avoid the resulting waste of money. She calls for 

use the historic cost data relying on the main function of the school such as primary and 

secondary school, in addition to the level of quality of design and engineering services 

of American school buildings. She advises that choosing the base of historic projects 

should not be random, but these projects should be within the same range of design and 

engineering quality levels as those the school is required to achieve in which she stated 

that cost per square feet of the schools in the cost data ranged from $56 to $531 per 

square feet. So it is not fair to choose randomly the base of historic projects on which 

the prediction of the new project cost would depend. Although, the cost figure obtained 

by this method is express the quality of school design as client need besides the school 

main function, it is still not fair to consider only this variable in estimating the cost and 

neglect the other design and engineering requirements asked by the client at the briefing 

stage. Also, detailed specifications such as architectural décor and specific equipments, 

which would not be available at the conceptual stage level, would need to be known for 

the applicability of this method. 

 

Another cost estimation method for school projects was developed by Elhag and 

Boussabaine & Kaka (1998) using Artificial Neural Network (ANN), based on historic 

data from the BCIS cost database. The various variables relied on in this model are 

presented in Table 2.5. The low amount of project data used in developing the model 

(thirty school projects) and the absence of using all the information available at the early 

stages of the school project life cycle, i.e. the various client design and engineering 

needs that form the main part of the brief are the two main drawbacks in this model. 

Instead, they relied only on what was available from the BCIS data base. Therefore this 

cost model does not achieve the main criteria of building cost estimating models stated 

above, that cost estimation models should employ all the information available at the 

stage of applying them (Ashworth, 1996 and Ferry, 1999). In addition, regarding the 

accuracy of the technique used to build the ANN cost model, some researchers have 
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found that the accuracy of models developed using regression analysis is greater than 

that of the models built by ANN technique (Elhag and Boussabaine, 1999; Rossini, 

1997). The average percentage accuracy achieved by using regression analysis and 

ANN technique were 93.3% and 90.9% respectively (Elhag and Boussabaine, 1999). 

They conducted their study on office projects data from BCIS. Furthermore, Rossini 

(1997), in his model for valuation of residential property, found that the mean absolute 

error obtained by multiple regression analysis was 10.42%, compared with the figure 

obtained by using ANN which was 15.7%. 

 

 
 

No Factor No Factor 

1 Type of project 7 Ground conditions 

2 Type of contract 8 Excavation conditions 

3 Market conditions 9 Site access 

4 Site slope 10 Work space in site 

5 Start conditions 11 Number of stories 

6 Gross floor area 12 Duration 
Table 2.5 The various cost factors included in Elhag & Boussabaine model (1998) 

 

 

 

Chen & Huang (2006) attempted to develop a cost model to estimate the cost of 

reconstruction school projects in Taiwan using regression and NNs techniques. They 

only depended on school area as a single input variable and obtained models with 

approximately 87% and 90 % accuracy for regression and NNs techniques respectively. 

But still the school area variable is not sufficient to express the various client needs and 

requirements of school projects.  

 

Another cost estimating model was built by AL-Sharif and Kaka (2007) using Multiple 

Regression Analysis (MRA) based on historic data from the BCIS cost database. This 

model was part of a bigger model for PFI school projects. This model included cost 

factors similar to those employed to the previous models as presented in Table 2.6. Four 

issues are of concern in this model. The first issue concerns the fact that the developed 

cost model did not include all the possible information available at the early stages of 

the school project life cycle, which reduced the reliability of the cost model built in 

expressing the stage it was applied at. Moreover, this cost model included some 

technical design information not typically be available at the briefing stage of the school 

project life cycle, variables such as the type of frame and foundation used. In addition, 
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the cost model did not take account of those variables where no information yet existed, 

which limited this cost model to predicting the construction cost only for school projects 

where information relating to all the variables is available. Lastly, AL-Sharif did not 

differentiate between the analyses of purely new build schools and the analyses of new 

blocks within the existing schools when he chose the new build school projects in BCIS 

to be included in the cost mode, which might lead to a bias in the cost model developed. 

 
 

No Factor No Factor 

1 Type of project 6 Ground conditions 

2 Number of stories 7 Duration 

3 Preliminaries 8 Foundation type 

4 Contingencies 9 Type of frame 

5 Gross floor area   
Table 2.6 The various cost factors included in AL-Sharif’s model (2007) 

 
 

Consequently, the need to construct a new cost model to estimate the cost of new build 

school projects using all the information available at the briefing stage has emerged in 

which it is very important to estimate the cost that expresses client needs rather than the 

design attributes. The proposed cost model will employ the various design needs and 

requirements for school projects asked by the clients with their levels of performance, in 

addition to the basic school information available at BCIS which is believed to have 

been available at the briefing stage and was used by Elhag and AL-Sharif studies. 

 

However, there is a lack of information published stating the cost models and methods 

applied within the different UK councils to estimate the cost of new-build school 

projects at the conceptual stage. This lack of information leads the researcher to the 

necessity of conducting a field work investigation to explore the different cost 

estimation methods applied in practice by different experts within the UK councils.      

    

The limitation described above of the cost estimation methods applied for school project 

in expressing the various client needs and requirements, and the environment of 

dissatisfaction which the previous cost models cause among clients, points to the 

imperative need for developing a cost model which expresses the various client needs 

and requirements leading to client satisfaction. 
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2.5   The relationship between the concepts: research direction 

The importance of the briefing stage over the other stages of the project life-cycle in the 

formation of the full understanding of client and other stakeholders’ needs and 

requirements, in terms of cost, time, quality and function, has become obvious and 

explicit. It is the right of the client to know how much their project is going to cost them 

before they take the decision to go, i.e. at the briefing stage. It is the mission of the 

estimator to provide the client with a confident cost figure at the early stages of the 

project life-cycle. Since, cost estimation models should use all the information available 

at the stage they are applied in, and as the explicit budget for the project, determined at 

an early stage (early cost advice), is critical to achieve a complete understanding of the 

project and ensure project success, and because of the fuzzy nature of the conceptual 

stage, in which so little information about technical design issues is available, 

developing a cost model which express the various general design and engineering 

requirements of the project client determined at the briefing stage becomes essential. 

The proposed model is not expected to produce very accurate early cost advice as it is 

impossible, but a realistic, confidential and reliable early cost advice is sought. The 

previously reviewed cost estimation techniques either employ some information 

variables which would not be available at the briefing stage, such as foundation type 

variable, or do not express the various client needs and requirements stated at the 

briefing stage. This matter has lead to a climate of client dissatisfaction with the current 

methods. 

   

This mission is not easy and needs use of different briefing techniques to achieve its 

aims. VM and QFD are proved to be able to be the used successfully with their 

techniques such as gathering information and questionnaire in construction industry. 

These techniques will be employed to distil the various researched design and 

engineering requirements asked by the clients of school projects. The reason for 

choosing school projects among the other construction projects is explained below. 

 

In consequence, it becomes so important to develop a function-based cost model for 

new-build school project. The proposed model will estimate the cost of new school 

projects relying on client requirements and other general project information as 

independent variables and these variables will be distilled using the different techniques 

used within VM and QFD methods. 
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2.6   Why choose school projects: The importance of school buildings 

There are different types of construction projects which affect the economic, social and 

cultural aspects of a society. School buildings are one of the construction projects which 

have a huge effect on different aspects of a society in terms of its ethics and future 

development. Because of the continuous development of the education sector in terms 

of teaching and learning techniques and theories, rapid development in school building 

design is necessary. 

 

There are two types of UK schools, which are either publicly-funded schools funded by 

Local Authorities and other governmental organisations, or independent schools funded 

by the private sector. The publicly-funded schools can be classified into primary (5-

11years), secondary (12-16 and 17-18 years) and special needs schools. The number of 

pupils varies considerably depending on a school size. In primary school, the number 

varies from lower 20 to above 600 and in secondary school between 400 and 1200. It 

should be pointed out that because of the wide variety of construction projects, this 

study was limited to an examination of the construction costs of school buildings, on the 

basis of the huge importance of the education sector. Four investigated issues 

established the importance of education sector and school buildings which are as 

follows:   

 

Firstly, the continuous development of the theory and environment of education 

methods in the UK government plan causes a necessary quickly development in school 

buildings in terms of design and quality. The cabinet Scottish secretary for education 

and life-long learning (2008) views one of the things, which have a positive impact on 

pupils learning, is being taught in the right environment in terms of being high quality, 

user friendly and well equipped. It is central to the government’s key priorities to ensure 

that children in the important early years get the help and support needed. Further, the 

government considers education building like any other revenue investments in which it 

makes a profit for the government as seen in the Scottish secretary for education speech 

(2007) “this government is also serious about investing in Scotland people and in 

achieving sustainable economic growth through new investment in skills and learning”. 

The Scottish Minister for Children (2007) said “building a smarter Scotland is a key 

priority for this Scottish government, and I am sure this investment, and the resulting 

improvements will pay dividends in the years to come”. As a result, the determination of 

the various needs and requirements of the new-build school project which achieve the 
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different aspirations of the government in enhancing the education environment should 

be established for each school.    

 

Secondly, The UK carries out a huge amount of work in school building projects every 

year. According to CABE (Being Involve in School Design, 2003), the UK government 

investment in school buildings reached 5.1 billion pound in (2005-2006). The Scottish 

Government also spends a lot of effort and resources every year in school building 

which according to (Scottish Government, Scottish local government financial statistics 

in 1999-00), almost a third of the Scottish local authorities’ revenue expenditure in 

1999/2000 went on education. This huge amount of money spent on education indicates 

the importance of this sector for the UK government generally and the Scottish 

government specifically. So, with this massive spending on the education sector and 

school building, an accurate and reliable estimation of the various budgets figure spent 

on school buildings is sought.    

Thirdly, school buildings have a huge impact on not only children’s education but also 

on the surrounding community, in terms of enhancing its aspirations, culture and ethics 

in which the schools will be the heart of the community. (The Scottish minister of 

children, 2007; SE, Scotland school estate, building our future, 2003). 

Fourthly, the high percentage of Scottish schools which are not in good condition 

should be considered. According to statistics published by the Scottish government 

from a study which took place in April 2007 covering 2,184 primary schools, 383 

secondary schools or and 163 special schools. Only 14% of the schools investigated 

received an A ranking for condition, which can be explained by that the current schools 

have not built on achieving the various school client and user needs and requirements. 

In addition, the total revenue expenditure on repairs, alterations and maintenance was 

£97 million for 2005-06 and PPP service payments amounted to £95 million. Last but 

not least, the school buildings do not meet the students and teachers aspirations and 

requirements. The Education Minister said "It is simply unacceptable that at present 

there are some school buildings which are not meeting the needs of pupils and teachers 

in the 21st century. That is why the government is taking action to address the legacy of 

under-investment in school buildings" (the UK Minister for Education and Young 

People, 2003). Also, the Scottish government believes that each school has to achieve 

all pupils, teachers, staff, parents and communities’ aspirations and requirements in 
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which every school has its different requirements (SE, Scotland’s School Estate, 

Building our Future, 2003). So it can be concluded that Scottish schools do not yet 

achieve the aspirations and requirements of clients and users. Therefore a full 

understanding of the full needs and requirements of the various school stakeholders 

should be achieved for new-build school project to produce a successful school 

accomplishing the stakeholders’ aspirations.      

 

The previous issues make school building projects as one of the most important 

construction projects to be addressed in terms of achieving quality and establishing a 

reliable and reasonable cost estimate for new-build school projects. Because of the wide 

variety of construction projects, and the high importance of education sector, and the 

large amount of cost data available, and to solve the problems combined with 

inexperience clients who do not know what they need from their projects, school 

projects were chosen to be the case study of this research. 

 

 

2.7   Procurements adopted for new-build school projects 

Procurement might be defined as the whole process by which the building related 

services are developed and purchased. It is the strategy to satisfy client’s development 

and/or operational needs with the respect to the provision of constructed facilities for a 

district life cycle. It is the organisational structure adopted by the client for the 

implementation, and at times eventual operation, of a project (Masterman, 2002). There 

are several types of procurements and choosing the most appropriate procurement type 

is recognised as a major determinant of project success and client satisfaction (Morledge 

et al., 2007). Longmaid (2003) lists the traditional route (lump sum or per unit), 

construction management, managing contracting, design and manage, design and build, 

turnkey, and private public partnership (PPP) and Private financial initiative (PFI) as the 

different procurement routes adopted by the construction industry. According to CABE, 

Being Involve in School Design (2003), there are number of types of procurement used 

for school projects which are described below.    

 

 

2.7.1  Traditional route 

The client deals separately with the design and contractor teams, dealing directly with 

most stakeholders involved in the project. The process of this type of procurement is 
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compatible with the work plan of RIBA presented in Figure 2.1. The bill of quantities is 

most commonly used in publicly school projects along with the other types of 

traditional procurements such as cost plus fixed percentage or fee and target price. This 

type of procurement needs an expert client to deal with the different involved parties in 

which the client gets the benefit of full control of their projects. There is little possibility 

to overlap among the different stage as each stage can not start until the preceding stage 

is finished, meaning that project duration will be longer than by other methods. It is also 

criticized because a poor final project will result, when there is low quality of 

communication among the various stakeholders. However, it is still widely adopted in 

the construction industry, and Masterman (2002) reported that 41% of construction 

projects in the UK were using it. 

 

 

2.7.2   Design and Build 

The client deals with one general contractor who will be responsible for the design and 

build works, in which the client appoints the initial design team to form the brief 

document and gather initial design information to draw up a tender document to 

determine the suitable contractor to carry out the design and build. In this method of 

procurement, one organization takes full responsibility and carries sole liability for both 

design and construction (Zhu & Liu, 2004). Direct and competitive design and build 

routes are two types of D & B procurement. In the direct route, the client negotiates 

with a single contractor who is then charged with designing and constructing the 

required facility. The other type allows for competition between several contractors 

interested in a given project. In this type of procurement, the contractor can be 

responsible for either designing and managing the construction of the projects (design 

and manage), or designing and constructing the project (Design and Build). Dealing 

with a sole contractor, time saving, guaranteed cost of building and date for completion 

and transferring the risk of integration to contractor are the main advantages of this 

route (Morledge et al., 2007; Anumba & Evbuomwan, 1997 and Akintoye, 1994). 

However, difficulty in preparing a comprehensive brief, making a decision before the 

detailed design, the difficult and expensive bidding process, expensive client changes, 

poor quality of design and lack of certainty of expected performance are the main 

limitations (Morledge et al., 2007; Anumba & Evbuomwan, 1997 and Franks, 1992). 

Further, the abstraction and processing of client requirements in a clear and 

unambiguous way is essential to the success of D & B procurement (Anumba & 



Chapter 2: Literature review 1: Critical overview of concepts 

 

74 

 

Evbuomwan, 1997). Masterman (2002) reported that 40% of construction projects in the 

UK were using it. 

 

 

2.7.3  Public private partnership and Private financial initiative (PPP & PFI) 

This form of partnering is the most complex one, in which, the contractor will take on 

the construction work and the maintenance and running work for a period of time. This 

depends on the fact that the original contractor is the most knowledgeable person about 

the solutions to the problems that appear during using stage (CABE, 2003). Projects 

adopting this route have the reputation of developing understanding of the client’s needs 

and requirements and producing Value for Money. However, it is huge investment in 

which the client needs to be very experienced in this type of procurement. The long 

term commitment, the long completion time and the expensive tendering process are the 

main risks of these routes. However, a single point of responsibility, life-cycle 

considerations and flexibility of managing the projects are the main merits (The Scottish 

Government, Construction Procurement Manual, 2005)   

 

Generally there are five kinds of funding and procurement infrastructure projects in 

Scotland. The first and the most used one is direct public procurement in which the 

public sector client itself often takes responsibility and risk for the design, timeliness, 

and cost of delivery of the asset and also for the maintenance and use of the asset over 

its life cycle. Such projects are funded by the Scottish government. The second one is 

Scottish Futures Trust, which aims to act as a means for investment in Scottish 

infrastructure programmes and to deliver more efficient infrastructure. The others are 

Private Finance such as PPP and PFI, depending on non-profit distribution (NPD), 

Local Government Projects which are procured by LAs funded by Scottish government 

and local Authorities and lastly other forms of delivery such as strategic partnerships 

and private sector investment. (The Scottish Government, Infrastructure Investment 

Plan, 2008). 

 

As all school projects funded by Scottish governments are obliged to work within the 

PFI method, most of the governmental publications cover this procurement over the 

other types of procurement. This issue prompted the researcher to conduct field work 

within the various UK councils, exploring the various procurements routes they adopted 

for new-build school projects. The field work aims to find the current trends in the 
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various procurement methods employed by LAs to provide successful new-build school 

projects. This will then be followed up to identify the critical point within the 

procurement process at which the cost figure would be asked for by the client. 

 

 

2.8   Summary 

The literature review in this chapter has investigated the various theories, principles and 

current practices of briefing and costing new-build construction projects generally and 

school projects specifically. It helps to form a whole critical overview of briefing and 

costing themes and issues. 

 

The discussion in this chapter has pointed out the high importance of the extent to 

which delivering a successful briefing stage is the basis of a successful construction 

project which achieves client and user satisfaction. It is established that the briefing 

stage (conceptual stage) is the first phase of the project life-cycle process in both 

traditional and concurrent construction procurements and processes in which the 

different stakeholders and their prioritised needs and requirements for  their new- build 

projects, which play the key role of achieving the a successful project, are determined. 

The better the quality of information in the briefing stage, the better expected results 

from the project. It was also suggested that the first task of a project development is to 

cost the brief as presented, with sketchy information and without any sort of design 

(Ferry et al., 1999). The various concepts, themes and people involved for briefing new-

build school projects were investigated and presented.  

 

Thus, the high importance of the briefing stage, in which all tools and techniques should 

be employed in a pragmatic way to determine the different requirements, which achieve 

clients and users satisfaction, has been established. Consequently, two main important 

balanced missions should be achieved at the briefing stage, which are: establishing the 

clients’ satisfaction by forming a whole framework of their needs and requirements, in 

addition to costing those requirements, to give the client the opportunity to take the 

confident decision to go. The brief should not merely be a list of wishes of the clients, 

but a balance between what can and can not afford with the available resources (cost).  

 

In addition, VM and QFD have been defined as techniques which are applied 

successfully at the briefing stage of a construction project to establish the Value for 
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Money of a project by providing all the necessary functions within the required levels of 

quality at the optimal cost. The main aim of these techniques at the briefing stage is to 

help in addressing the various needs and requirements of the client body clearly and 

explicitly as project functions by employing many techniques such as information 

gathering, tree diagram, questionnaires, interviews, clustering analysis, Focus groups, 

HOQ and FAST diagram. The lack of evidence use of VM and QFD at the briefing 

stage of new build school projects will not prevent the researcher from using their 

techniques, such as information gathering, clustering analysis, a hierarchical 

organization of the distilled client requirements and the most important HOQ, to choose 

the tangible requirements and carry out weighted evaluation at later stages in this 

research. However, only those tangible client requirements which can be transformed 

into the design solution would be included in the weighting stage, while, the very 

general requirements from preceding levels would be used as headings only. 

 

Further, the target values of the various client requirements for required project, 

obtained relying on the designer experience, levels of performance achieved by the 

previous projects to the stated requirements and the level of importance for each 

requirement, are going to be used as the new input variables included in the proposed 

cost model as seen later (Chapter 7). It is the mission of the estimator to understand the 

various client design and engineering requirements and their prioritisations for their 

projects, in order to be able to use the proposed function-based cost model (the research 

outcome) relying on the target values sought for the various client requirements to 

estimate the construction cost of the new-build school at the early stages. This is 

possible since the various requirements of the clients with their importance are believed 

to be available at the briefing stage as stated previously. Consequently, there are several 

techniques emerged as a result of the wish to form a full understanding of the various 

client needs for their projects at the briefing stage.  

 

One of the most effective factors of project success is an estimate an accurate and 

reliable cost figure during the different stages of the project life-cycle generally and at 

early stage (briefing stage) especially to produce a good financial advice. Conceptual 

cost estimates are not expected to be very precise since project scope is not finalized 

and very limited design information is available during this phase. Several factors 

affecting the accuracy of early cost estimation were determined but the most important 

factor was the failure to form a full understanding of the client needs and requirements 
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before the estimation process. The main problem of current cost estimating methods is 

that they rely widely on the estimator experience without considering and expressing 

the client requirements. Because of the high number of underestimated or overestimated 

cost figures of projects, the quick improvement of information technology and the high 

level of dissatisfaction which the current cost estimating methods create among the 

clients of construction projects, a change of the old practices was sought. The current 

cost estimation methods, techniques and models applied in construction industry were 

investigated and presented with their assigned limitations and advantages. The 

traditional estimation methods depend widely on past similar historic projects or purely 

on the experience of estimator in costing, which were criticized for being out of date 

and do not reflect reality by expressing the requirements asked by the client. However, 

because of the easy and simple application of these methods, experts still use them. 

Several cost derivers are based on in the modern cost estimation methods, which project 

type, variables included (cost drivers), accuracy sought and available resources are the 

main determinates for the estimator to choose the technique which best suits their 

projects. Although, several cost estimation models are described in the literature for 

construction projects and a few models for school projects were presented in this 

chapter, all of these models require cost variables which either would not be available at 

the conceptual stage or would be available but do not fully express the various client 

design needs and requirements. As a result, the limitation of the cost estimation methods 

applied for school project of the applicability in expressing the various client needs and 

requirements and the environment of client dissatisfaction arising from the current cost 

models establish the imperative need of developing a cost model which expresses the 

client satisfaction by articulating the main design and engineering requirements of 

schools project clients to estimate the cost at early stages for new-build projects. 

 

Relying on the level of performance achieved by the existing UK school projects and 

level of performance sought for the new-build school project, the cost figure of the new 

project will be predicted at the conceptual stage using the proposed function based cost 

estimating model. 

 

School projects were chosen to be the case study of this research because of the wide 

variety of construction projects, the high importance of education sector, the large 

amount of available cost data and the experience client.  
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Chapter 3: Literature review 2: A review of strategic level 

design needs and requirements of the UK schools 

  

 

3.1.   Introduction 

The financial and design requirements of clients and users of new-build school projects 

should be addressed and explicitly expressed at the early stages of their project life-

cycle (preparation stage). The main aim of this chapter is to form a comprehensive 

understanding of the various design and engineering requirements and needs of the 

clients and users for new school projects that has to be addressed by the brief. As 

discussed previously (chapter 2), Clients’ needs are defined (according to Chinyio et al, 

1998) as “a state of felt deprivation which pertains to health and well being and desired 

with regularity such as the accommodation requirement”. On the other hand, he defines 

clients’ requirements or wants as objects such as goods and services for satisfying the 

mental and physical pleasure (beauty of product). The basis of this understanding is 

from a synthesis of the various contemporary governmental briefing documents and 

methods relating to construction of primary and secondary schools in the UK.  

 

The design and engineering requirements and needs are extracted from the main 

stakeholders as represented by clients and users of the buildings. The client is defined as 

the sponsor, typically government and local authorities. The users are head teachers, 

teachers, pupils and other support staff required for the effective operation of the 

facilities. The objectives of the chapter which support the main aim, as stated in Figure 

3.1 are to: 

 

1. Examine the range of policy guidelines and regulations which govern the design 

issues relevant at the briefing stage of new schools. 

 

2. Examine the various design evaluation methods confirmed by governmental 

agencies which assess the design solutions for schools and highlight features of 

good design. 

3. Objectives 1 and 2 are supported by a review of literature which relates school 

design and the physical environment together with educational performance of 

pupils and teachers. 
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From the above, a synthesis of accepted features of good school design will be 

structured. This will represent all the main variables of school design at the briefing 

stage asked by the clients of school projects.        

 

 

 

Figure 3.1 The various sources of the various design and engineering requirements 

 

 

 

3.2.   The outline brief and good school design 

A school project passes through all the stages of a general construction project life-

cycle. As has been stated previously, the project life cycle stages include the preparation 

stage (vision and outlined brief), design stage (detailed brief, sketch design, detailed 

design), construction stage and use or operational stage (CABE, Creating Excellent 

Design, 2003). Each stage of the project life-cycle has its own functions and 

requirements. In the preparation stage (strategic stage), the school projects’ designing 

and engineering needs, requirements and policies asked by clients, which form a main 

part of outline brief, are addressed. These requirements are formed relying on school 

client and users’ needs for new-build school projects and the different governmental 

design policies and regulations that the client is aware of. (Creating an Excellent 

Design, 2003; Building Bulletin 95, 2002). 

 

The outline brief constructs the written document of the design quality, functions, 

clients’ system drivers and regulations which form the basis of getting Value for Money 
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(VFM). Moreover, at the beginning of the conceptual design stage, the outline brief is 

the main document on which design team and other stakeholders depend to form a 

detailed brief using their experience, expectations and requirements. It forms the basis 

of the technical design solutions. Since the client and the different users of a school 

project are the only empowered key stakeholders who are able to determine the extent to 

which value for money is achieved by their project, achieving VFM is done by attaining 

the optimum of their expectations in terms of project function (fit for propose, impact) 

and quality in one hand and the project cost and time on the other hand (CEPA, Public 

Private Partnerships in Scotland Evaluation of Performance, 2005). Scottish government 

indicates in respect of (SE, School Design: Optimizing the Internal Environment, 2007) 

that in order to initiate a successful school building project, a brief must be developed in 

conjunction with the project team who recognises the needs and vision of the end users 

and the project budget. CABE views achievement of a good quality design from 

producing a sound and clear brief formed by fully involving the client and end users 

(CABE, Better Public Building, 2006). 

 

The stakeholders of a school project differ over the different stages of project life cycle. 

At the preparation stage they are; a project sponsor, design champion, project users and 

education department representatives who represent the client of a school project 

(CABE, Creating Excellence Design, 2003). Educational departments of the various 

LAs get feedback from their schools, coming from head teacher, pupils, teachers and 

staff (chapter 5: interviews). The stakeholders form the main core team responsible for 

constructing the outline brief. 

 

As stated above, the extracted variables will form the main criteria for achieving a well 

designed school by which the school clients and users get the benefit of satisfaction, 

long life and cost effectiveness (CABE, The Cost of Bad Design, 2006). Good design 

and services express school clients and users’ needs and requirements and also enhance 

the educational environment. Good design encourages and motivates the learning and 

teaching environment for students and teachers. It also encourages the staff to work in 

good and safe environment and raises student and staff morale (CABE, Getting Good 

Design for Building Schools for the Future, 2007 and The Cost of Bad Design, 2006; 

and American Architectural Foundation (AAF), 2006). A (DfES) study in 1999 shows 

that improvement in design raise the morale of both staff and pupils and building 
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performance (DfES, Building Bulletin 95, 2002). Further, good school design is limited 

by the difference between optimal design and the constraints of various regulations (SE, 

School Design: Optimizing the Internal Environment, 2007).   

 

 

3.3.   Issues considered in this chapter 

There are several points that should be considered by the reader of this chapter in 

relation to the various design and engineering needs and requirements extracted and 

determined in this chapter. These are: 

 

���� The parameters and comparators discussed are related to primary and secondary 

schools only. 

 

���� An overlap and interrelationship exist among the different comparators, in which 

they affect each other. These relationships could be positive or negative 

correlations. So finding out the client and users’ priorities is an essential 

function (SE, School Design: Optimizing the Internal Environment, 2007). 

 

���� Different activities and services affect different positions and locations of school 

building. 

 

���� These comparators and criteria could be classified in a hierarchy. This means 

that they express the client requirements at different levels. 

 

���� The requirements and needs are extracted from different bodies’ perspectives 

such as school client (Government, LAs), building users, design team, local 

communities, and different local organization. However, this chapter is going to 

cover only the requirements asked by client, users and local communities. 

 

���� Schools have different characteristics in which each school has a unique 

environment. The government believes that there is no a blueprint for designing 

school for which all the requirements might be the same. They would differ in 

their level of performance for each school, since each school has its own unique 

objectives, users and community (CABE, Better Public Building, 2006). 
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���� All schools should achieve the basic and fundamental requirements but they will 

differ in terms of the extent to which they achieve those basic requirements 

(added value and excellence needs). 

 

���� All existing schools, even the newest schools, are not perfectly designed and 

build (SE, Evaluation: Building our Future: Scotland School Estate, 2004). So, 

SE is not fully satisfied with their schools.   

 

 

3.4.   The various school design and engineering requirements for a 

new-build school  
All governmental documents and evaluating methods agreed three main design sectors 

which the school building design should be evaluated through. They are design quality, 

functionality (fit the purpose) and impact (its effects on the surrounding community). 

(DQIs, design quality indicators; DIQs, design indicator quality for schools; PPE, Post 

performance evaluation; POE, post occupancy evaluation; Building Bulletins 98,99 and 

95; Exemplar designs for schools (DfES), 2006). All these indicators should be 

achieved in all new-build school but in different details and priorities. Three sources and 

directions are followed to extract and determined the various designing and engineering 

requirements which school clients ask for their new-build schools. The range of policy 

guidelines and regulations which govern the design issues relevant at the briefing stage 

of schools, the various design evaluation methods which assess the design solutions for 

schools and a review of literature which relates schools design and physical 

environment with educational performance of pupils and teachers are believed to be the 

main sources of the various design and engineering requirements for new-build schools. 

  

Scottish government declares that delivering education environment, in respect of 

Scotland school estate, should achieve the right of condition (a safe and secure 

environment), sufficiency (schools that match demand), suitability (supporting the 

delivery of better public services), life cycle management (taking the long term view), 

and design which turns Scotland schools’ objectives into reality. It also states the 

provision of the right facilities. These factors should be taken into the designers’ mind 

when they are going to design their schools. 
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Further, in developing Scotland’s infrastructure, the Scottish government recognizes 

that good building design should be responsive to its social, environmental and physical 

context. It should add value and reduce whole life costs. Good building design should 

be flexible, durable, easy to maintain, sustainable, attractive and healthy for users and 

the public; and it should provide functional efficient adaptable spaces for home work 

and recreation (The Scottish government: Infrastructure Investment Plan, 2008). 

 

 

3.4.1   The policy guidelines and regulations relating to briefing and design  

          issues of new-build schools 

The UK government emphasises the importance of achieving value for money for all 

public buildings generally and school projects especially, providing the value of public 

(customer and user) satisfaction and enhancing the various communities’ and 

government’s vision as very important aspects of delivering a successful public building 

(CABE, Better Public Building, 2006). The government considers different studies 

looking for adding value for its public projects. It becomes aware of the importance of 

getting well designed state schools as the main factor for achieving VFM and users’ 

satisfaction. The government believes that good design improves the educational 

(teaching and learning) performance, enhances the balance between good function and 

quality with compatible cost and achieves the various policies and objectives for the 

government (CABE, Better Public Building, 2006). Further, the UK government 

believes that the neglect of design quality achievement is the main reason for delivering 

poor or bad schools (CABE, The Cost of Bad Design, 2006). The government also 

believes that there is no a blueprint for designing a school and each school is going to 

have its own unique objectives, users and community.  

 

For this research a lot of effort and time were spent in attempt to create and enhance a 

formal guide which can be used by the designers to achieve an excellent design school 

building expressing the needs and requirements of school clients. As result, various 

design and briefing documents and guides which can be used at the briefing stage were 

reviewed. This section reviews the different briefing and designing documents, guides 

and publications describing the various polices and regulations for designing a good 

new-build public building generally and school projects, including various school 

building bulletins (98,99 and 95), the output specification for new build schools (SE, 
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2004), OGC (The Office of Government Commerce) and CABE (The Commission for 

Architecture and the Built Environment) publications.    

 

 

3.4.1.1  Bulletins 98 and 99 and Building our Future documents 

This section reviews the exemplar designs brief for schools (DfES, 2004), School 

Design: Building our Future (SE, 2003), Assessing Secondary Schools Design Quality 

(CABE, 2006) and School Building Bulletins 98and 99. These documents help the 

designers to design an excellently designed school, step by step, starting from the 

briefing stage and ending with the final design shape. Further, they explain the school 

design requirements for new-build schools by which the school brief document is 

formed. In addition, these documents indicate and draw up the different design 

requirements for public school projects that achieve user, client and community 

satisfaction. They concern broad requirements rather than very detailed needs. They 

state that good design should achieve: 

 

� Adaptability and flexibility in terms of current and future changes. 

 

� Clear and well organized and managed design (school structure, layout, relationship 

between different spaces) 

 

� Safety and Security issues (supervision, fire safety, safe movement (internal and 

external), access control, organized circulation and well secure, clear and 

welcoming entrance) 

 

� Sustainability and environmental design (materials, energy efficiency (passive 

environmental performance) and access for all types of transportation, 

environmentally friendly, good air quality adapted to climate change) (SE, 

Optimising the internal environment, 2007; BREEAM, 2003). 

 

� Environmental performance criteria (acoustic, ventilation, heating and lightning). 

Achieving the optimal balance between the natural (passive) and mechanical 

performance and the ability to controlling these factors. 
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� Access, easy movement and inclusion of people with disabilities: external and 

internal access and circulation for all users (disabilities and none); disabilities 

environment: layout, spaces to accommodate inclusion supports (teaching, social, 

medical). 

 

� Efficient gross and net areas. In other word, internal and external spaces achieve 

user satisfaction: includes different internal spaces for teaching and non-teaching 

purposes, social and different support services and external spaces for car parking, 

landscaping, different physical activities (hard and soft) and external teaching 

activities. Spaces should be well proportioned, fit for purpose and meet the needs of 

curriculum (CABE, 2006). 

 

� Community involvement and encouragement (spaces, flexibility, security, out hour 

using, access) and achieving interaction with the broad community. 

  

� Aesthetic, attractive external and internal appearance. 

 

� Spaces should give the opportunity for creativity for students and teachers. 

 

� Optimal site and building use. The building and services employed are utilized 

effectively and efficiently. 

  

� Achieving design quality in terms of commodity (fitting the purpose), build quality 

and firmness (easy maintenance, durable building (good, long life) and friendly 

materials), design in context (good neighborhood identity, aesthetic, attractiveness 

and delight in terms of internal and external spaces (please to eye)) and efficiency 

(spaces and environment)). 

 

� Appropriate space and services for the number of pupils sought. 

 

� Considering the whole life cost, the cost of running should be considered in terms of 

efficiency. 
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� Good design for an external space in terms of the attractiveness, relationship with 

the internal space, circulation and providing external teaching opportunities). 

 

� Design allows the school to encourage the social and community use. 

 

� Design should affect positively and enhance the performance of learning and 

teaching environment. 

 

These factors and requirements are emphasized and approved by CABE within its 

publication (CABE, Creating an Excellent Design, 2003 and Assessing Secondary 

Schools Design Quality, 2006; and HM Government: Better Public Building, 2006). 

They, also, emphasis the importance of achieving client and users satisfaction for school 

project to get VFM for their projects. In a scale of 4, CABE believes that achieving the 

highest level of the scale (4) of all the factors is impossible. However, attaining the best 

combination and balance of these factors depending on the priorities is sought. 

   

These documents also describe the different required areas for accommodating the users 

with the school project in details. They specify that the whole school area should 

include basic teaching spaces (classrooms (large group and small group spaces), ICT, 

and practical areas), halls, learning resources areas (library, quit rooms, internet access), 

storage (teaching and non-teaching), staff and administration facilities (head teacher and 

teacher spaces, meeting, control spaces, medical support, other different support 

spaces), non-net areas (circulation (entrance, reception and corridors), toilets and 

kitchen), social spaces, community spaces, supplementary net areas (community and 

parent) and grounds.   

 

So, providing the school design with the previous requirements will not only achieve 

the fundamental needs but also they would establish the added value and excellence 

requirements. The various requirements extracted from these documents and believed to 

be the design requirements to be provided in brief document of new-build school 

projects are presented in Figure 3.2. This figure shows the various requirements in 

different hierarchy levels.    
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This diagram 4.2 shows that a successful school design should achieve clients

users’ satisfaction, community involvement requirements and high educational 

performance at a very broad level. In addition, it shows that the first level requirements 

could be achieved by including and considering the requirements and functions state

the second level such as access and inclusion of pupils with special needs, shared 

community use, design adaptability and flexibility etc; it also points out a few 

constraints and considerations considered for designing new

as curriculum analysis, room data sheet, project budget, contract duration..etc.
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This diagram 4.2 shows that a successful school design should achieve clients

satisfaction, community involvement requirements and high educational 

performance at a very broad level. In addition, it shows that the first level requirements 

could be achieved by including and considering the requirements and functions state

the second level such as access and inclusion of pupils with special needs, shared 

community use, design adaptability and flexibility etc; it also points out a few 

constraints and considerations considered for designing new-build school projects such 

as curriculum analysis, room data sheet, project budget, contract duration..etc.

Figure 3.2 The various design and engineering requirements for new-build school projects

2: A review of strategic level design needs and requirements of the UK 

This diagram 4.2 shows that a successful school design should achieve clients and 

satisfaction, community involvement requirements and high educational 

performance at a very broad level. In addition, it shows that the first level requirements 

could be achieved by including and considering the requirements and functions stated in 

the second level such as access and inclusion of pupils with special needs, shared 

community use, design adaptability and flexibility etc; it also points out a few 

build school projects such 

as curriculum analysis, room data sheet, project budget, contract duration..etc. 

 

build school projects 
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3.4.1.2 Building bulletin 95: school for the future: design for learning communities  

The previous documents presented the requirements which the design of the school 

should achieve to build a successful school. However, they stated those requirements in 

very detailed way rather than broad general requirements. Building bulletin 95 describes 

the various design and engineering requirements that the government is looking for in 

their sought future schools at very general level. It also provides explanations of the 

various stated requirements. This document states the different school characteristics 

and their users and client needs for good design (quality), functionality, services and 

impact. It focuses on adaptability, flexibility, users’ needs, inclusion, sustainability, 

health, safety and internal environmental conditions. It is looking for a good design 

(users and community needs), reducing environmental effect and achieving better VFM. 

The document indicates that design quality is achieved by applying functionality, 

sustainability, buildability, efficiency, aesthetics and durability. The various general 

design and engineering requirements stated in building bulletin 95 are expressed as 

follows: 

 

Efficient spaces that fulfil users’ needs: 

The spaces should include adequate internal and external spaces for learning and non-

learning spaces. These Spaces, also, should fulfil requirements of curriculum changes, 

new ways of learning, community involvement, inclusion people with disabilities, 

flexibility and the balance of spaces.  The required spaces (according to Building 

Bulletin 95) can be divided into group, large, resources, support, social & movement, 

staff, service, external and other spaces. Detailed spaces are drawn in Figure 3.3 

 

Learning Environment 

The most important issue in relation to environment is for the environment to be in 

control of the users. There are two sides affecting these issues. The first one is a sensor 

environment for different spaces of school building such as lightning, acoustics, 

heating, ventilation and water. The second side is an aesthetic side such as external 

environment (landscaping), finishes and fixtures. A good environment should come 

over as functional and attractive, raising pupils and staff morale for an effective 

workforce, reducing poor behaviour and encouraging community use. 
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Figure 3.3 The various spaces required for a school area as stated in building bulletin 95  

 

        

Site Planning 

This covers the location of the building to the community, adaptability, site and building 

accessibility, and circulation. 

 

Sustainability issues 

Sustainability comes under different aspects which are less need for transportation, the 

orientation of the building to maximize the daylight, natural air and reduce noise, design 

for low maintenance and energy efficiency by achieving a high level of isolation, good 

use of nature, high thermal mass, good temperature and light control. 

 

Community use  

The document indicates that school building should include welcoming and accessible 

but secure, separate and shared areas. It also states that spaces should be designed for 

dual use, including shared refreshment facilities and additional toilets and access for out 

of hours use. 
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Inclusion of design features for people with disabilities 

Thus can be achieved by assuring the existence of specialist support spaces, small 

learning spaces, access to office spaces, spaces for parents, storage area for educational 

and mobility equipment, internal and external space which should be accessible, room 

temperature, colour, light, acoustic environment, clear circulation routes and flexible 

design.  

 

Safety and Security 

There are different issues to be addressed under this title. They are related to the 

relationship between the site and neighbourhood (visual supervision), well used public 

routes, clear boundaries, avoiding hidden recesses, avoiding easily accessible roofs, 

limiting points of entry, secured entrance (visual to staff), CCTV, external lightning, 

alarm and sprinkler systems. 

 

Information and Communication Technology (ICT) infrastructure 

This issue is emphasized by different governmental publications in addition to Building 

Bulletin 95 such as Exemplar Designs Brief for Schools (DfES, 2006), Building 

Bulletins 98 and 99, Creating an Excellent Design (CABE, 2003). They emphasize that 

information technology is to be fully installed in UK schools. 

 

 

3.4.1.3 Design Excellence Evaluation Process (Ministry of Defence, 2007) 

This model is built to address the different issues of quality and functionality for 

defence buildings. However there are some issues which can be useful to evaluate 

school projects. The model includes design, quality and function requirements under 

different titles which are: 

 

Operational issues 

These issues include achieving minimized travel distances, efficiency of use, sought 

performance, a design which fulfills the functional requirements and adequate 

circulation and public spaces. 
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Efficiency 

Efficiency means building size should meet functional needs, optimal layout, efficient 

circulation space and well used areas. It also indicates optimum storage spaces, 

adaptable design, flexibility in use, rooms shape, lightning, homely feel, adequate 

access and safety for all. 

 

Design 

Design should express the needs of clients and users, promote innovation, relationships 

between rooms, interior fit out, building relationship (urban design), design aesthetic 

and sustainable. 

 

Urban setting 

It should cover site location issues such as locating in an appropriate zone, passive solar 

gain, energy efficiency, style and materials, privacy from wind and noise, transport 

access and movement, landscaping and the relationship with the broad community.  

 

Engineering installations 

Heating and ventilation, power generation, IT installation, energy providing and the 

water system fulfill this issue. 

 

Building fabric, Build quality, security, health and safety 

All these issues are also stated to be achieved by the design. 

 

 

3.4.1.4 Output Specification for school projects 

According to Building Bulletin 99 and 98; Exemplar designs brief for schools (DfES, 

2006 and 2005), one of the stages PFI school projects should pass is an output 

specification phase. This is the phase of determining the main objectives of school 

project which form the main parts of outline business case and is applied at the 

preparation stage of the project life-cycle. Further, output specification method is not 

individual but group work. The Scottish government published on their website a 

document that explains this stage in detail and presents the various results of applying it. 

The output specification document indicates that a clear scope of work for each school 

in broad terms, the facility and service standards should be stated. It also states 
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accommodation requirements in specific (internal and external spaces with their 

priorities), architect design quality, build quality, Sustainability, in terms of the whole 

life and environmental issues and also energy use are important factors to be determined 

at this stage. It also emphasizes the adoption of flexibility and adaptability issues in 

terms of short and long-term flexibility for changes and accessibility for all such as 

entrance, parking, circulation, in respect to which they should be accountable and 

assessed to enhance VFM. Moreover, the external environment and school grounds, in 

terms of quality, accessibility and relation to internal and community or third party use, 

are required to be considered in the design. In addition, it affirms that the preparation 

team should take into account the environment requirements for mechanical and 

electrical issues such as natural lightning, acoustic, glare, thermal, ventilation, indoor air 

quality, solar gain and environment performance. The design also should present 

enhancement in the building performance as a vital factor for successful design, 

affecting the project value. In the same area, the document does not neglect the 

importance of building organization, information & communication technology (ICT), 

safety, health and security to be studied and thought about at this stage. In addition, the 

level of refurbishment works, ease of maintenance, running costs affecting the initial 

cost, time of delivery should be established (Output Specification: Building our Future: 

Scotland’s School Estate, SE,2004). The Scottish government states that the results of 

the output specification document can be applied to all school projects regardless of the 

type of applied procurements. Further, it should be noted that this document covered the 

different factors of a successful school project in terms of design, financial and 

management issues but only the designing issues which affect the value of school 

projects are taken into account for in this chapter. All design factors that enhance the 

VFM for the school project stated in the output specification document are illustrated in 

Table 3.1. 

 

 

Head-Features Sub-Features 

Accommodation requirements Internal and External spaces with their priorities 

 Architect design quality   

 Build quality   

 Sustainability  

Life-long performance 

 Environmental issues  

Energy use 
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Flexibility and adaptability 
Short & long-term flexibility for changes  

Accessibility  Easy disabled & non-disabled access 

 Adequate entrance, parking, circulation 

 External environment and school 

grounds  

Quality  

Accessibility  

Relation to internal environment 

 Community use   Either a community use or third party use 

 Environment requirements 

Balanced & controllable natural and mechanical lightning  

Acoustics 

 Controlled Thermal environment 

 Balanced & controlled ventilation and indoor air quality 

 Solar gain  

Overall environmental performance 

Level of building performance   

 Building organization   

 Safety, health and security    

Information & communication 

technology (ICT) 

  

The level of refurbishment works  
Maintenance cost and how easy it is 

 Low running costs  

 Time of delivery   

Table 3.1 The various design requirements determined at the output specifications method 

 
 

 

3.4.1.5 Improving Standards of Design: in the Procurement of Public Buildings and 

Better Public Building (OGC, CABE, 2002, 2006) 

OGC and CABE consider that a good design is essential to the performance of a high-

quality public building and VFM. They stated in (CABE, Better Public Building, 2006), 

that better design quality is achieved by achieving fitness for purpose, build quality, 

sustainability, adaptability, safety, efficiency, context, aesthetic impact and high quality 

services. Five issues were determined to achieve a well designed building as follows: 

 

� Function in use (fit the purpose, innovation of social value, optimize an operational 

cost). 

 

� Build quality (built to last and easy to maintain). 
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� Efficiency and sustainability (time, budget, specifications and environmental 

efficient). 

 

� Design in context (neighborhood, landscaping and respect its context (enclosure, 

character, quality, ease of movement, adaptability and diversity of use)). 

 

� Aesthetic quality (harmony with other buildings). 

 

 

3.4.1.6 Creating Excellent Buildings & Creating Excellent Secondary Schools: A 

guide for clients 

In 2003 and 2007, CABE published the Creating Excellent Buildings document as a 

guide to helping clients through all the processes of their buildings. A main part of the 

document covers the issues which have to be gone through to achieve a good design. 

Organization, good services to users, cheaper running cost and positive internal and 

external planning form the first four points. The document also emphasizes that the 

design should produce a good support to and fit well into the neighbourhood, be safe to 

use, adaptable and sustainable. It does not neglect to point out that a good design should 

be easy to maintain, have attractive architecture and finishing, be a clearly organized 

and a building that shows its function. Further, daylight and ventilation, flexibility, 

environmental services, energy use and beauty form good parts of a well designed 

public building (CABE, Creating Excellent Buildings, 2003). In addition, in 2007, 

CABE published a very important document for designing and constructing secondary 

schools called Creating Excellent Secondary Schools. This document reiterates their 

design requirements published the achievement of community engagement in terms of 

spaces, access, security and personal and pupils’ social needs in terms of spaces. It also 

emphasized good landscaping and sustainability for schools (CABE, Creating Excellent 

Secondary Schools, 2007). The document explains thoroughly the sustainability and 

good landscaping issues as in Table 3.2. 
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Head-Features Sub-Features 

Sustainability 

Passive Design 

Building naturally (low impact source) 

Low embodied energy materials 

Landscaping 

Learning Environment 

Social activities 

Parking 

Aesthetic 

Table 3.2. Some sub-headings to sustainability and landscaping 

 

 

 

3.4.1.7 General design brief post- primary schools, OECD, 2000 

The organisation for economic and co-operation and development (OECD) has 

published several documents relating to educational areas. The OECD believes that a 

good understanding of a school project at the briefing stage leads all the stakeholders to 

obtain the benefit of their buildings (VFM). In 2000, the organisation launched a 

document called General Design Brief: Post Primary Schools. The document includes 

the various issues relating to design school buildings and the allowances and regulations 

of the different schools elements in terms of spaces and systems. The document 

addresses the various factors which lead a good quality well-designed building: 

 

� Developing organised accessibility for all users (internal and external) in terms of 

ease and planning. 

 
� Well defined entrance and visiting space. 

 
� Flexible and adaptable spaces- for short and long terms changes. 

 
� External site design spaces (car park, landscaping, pedestrians, educational spaces, 

and physical spaces). 

 
� Building is easy to maintain and low running and maintaining costs. 

 
� Safety, health and security for all. 

 
� Efficient environmental design by achieving well balanced and controlled systems 

(lightning, thermal, air quality (ventilation), and acoustic). 

 
� Efficient and well-proportioned spaces which satisfy clients and users (teaching 

(large and small groups), non-teaching spaces, physical spaces, social spaces, 



Chapter 3: Literature review 2: A review of strategic level design needs and requirements of the UK 

schools 

 

96 

 

services spaces, different laboratories as needed (science, music, drama…etc), 

administration spaces, community spaces, personal spaces, circulation spaces and 

other services spaces). 

 
� Inclusion of people with special needs and disabilities. 

 
� Establishing a sustainable building in terms of energy saving, natural light and 

ventilation and materials. 

 
� Good and efficient use of the site. 

 

 

3.4.1.8 AAF, Report from the national summit on school design, 2006 

The main aim of AAF (American Architectural Foundation) summit was studying the 

relationship between the educational performance and the design features and attributes. 

The group believes that well designed schools have a measurable benefit on student and 

staff performance and motivation. As result, they determined several design attributes 

the schools should achieve to enhance the educational environment, listed in Table 3.3. 

 

 

Head-Features Sub-Features 

Comfortable and Flexible Spaces 

Site size 

Spaces fulfil pupils' needs 

Well designed spaces  

Private study areas 

Well proportioned teaching spaces 

Adequate social spaces 

Outdoor educational spaces 

Enhance variety of learning 

Safety, Security and Health  

Clear boundaries 

Good internal and external supervision  

Controlled thermal environment 

Controlled & balanced lightning 

Sustainable Design 

Energy efficient 

Long lasting 

Suitable for climate change 

Environmental Design 

Comfort & controlled thermal environment 

Well, balanced & controlled ventilation 

Well, balanced & controlled lightning 
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Well acoustics 

Centre of Community 
Interactive relationship 

 Adequate spaces fulfil pupils' needs 

Practical, Cost Effective & Flexible 

Internal and external aesthetics 

Easy maintain 

Easy to use 

Low maintenance and running cost 

Flexibility and Adaptability 

Table 3.3 The various design attributes of school design required by the educational environment 

 

 

 

3.4.1.9 Conclusion 

As a consequence of all what been stated previously, the high importance of the various 

design and engineering requirements to be determined and prioritised, was established 

by the various governmental documents and agencies. The various regulations, polices 

and recommendations published by those agencies were reviewed and analysed to form 

a frame work presented in the summary section of the various broad design and 

engineering requirements asked by the clients to form the brief. Those requirements are 

going to be supported and developed by the different evaluation methods in the 

following part. 

   

 

3.4.2   The different design evaluation methods 

As in the previous governmental documents and publications, there are various 

assessment methods applied at the post occupation stage to evaluate the adopted design 

solutions. However, these methods might be also applied at the briefing to determine the 

different design requirements of the clients to be addressed. These methods address 

several criteria to evaluate the high quality design. Further, all these methods indicate 

that creating a good design and physical conditions in school buildings enhances and 

develops the teaching and learning environment for the school users (Watson, 2003; 

Sanoff, 2001; Lackney, 2001 and Friedman et al., 1978). The various design evaluation 

methods are discussed as follow. 
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3.4.2.1 The various post occupancy evaluation methods 

Post Occupancy Evaluation methods are systematic processes to evaluate the extent to 

which the building meets the needs and requirements of users and clients. They explain 

to which extent the design setting gratifies all human needs in terms of explicit and 

implicit needs (Friedman et al, 1978). POEs, in terms of schools, also determine the 

extent to which educational performance is achieved by measuring the adequacy of the 

physical educational environment in terms of supporting educational goals and activities 

(Hawkins & Lilley, 1998). Watson (2003) and Lackney (2001) stated that there is an 

implied relationship between the educational performance and the building condition 

assessment or building quality. POE is also seen as a suitable evaluation method for 

community leaders in terms of measuring the quality of a school facility for educational 

suitability (Zimring & Rosenheck, 2001 and Hawkins & Lilley, 1998). POEs are used in 

Brazil, NewZeland, Portugal, UK and USA.  

 

POEs are important methods to either evaluate the building in terms of design at the 

post occupancy stage or help the stakeholders at the briefing stage to establish and 

understand their values variables (Creating an Excellent Design, 2003; Building bulletin 

95: Schools for Future). For schools, pupils, teachers, staff, school managers, 

educational specialists, architects and the FM team are the main key players for POEs 

(Lackney, 2001; Watson, 2003). The POE methodology could be applied by conducting 

interviews, questionnaires or walk through (Sanoff, 2001). Lackney (2001) ensured the 

ability of POEs to highlight certain appraisal needs, exploring the need for new facilities 

and helping the decision makers as an instructional tool (Lackney, 2001; Jackson, 1997 

and Pitillo, 1993). While POEs generally include consultation with the design team and 

the contractors involved in delivering a building, its primary purpose is to focus on the 

clients’ views and the end users in which they take staff and users into consideration. 

They evaluate the achievement of the value for money in terms of efficiency and cost 

effectiveness). Efficiency is in terms of functionality, ‘suitability’ or ‘fitness for 

purpose. There are several methods for evaluating the design such as post occupancy 

evaluation (POE), building performance evaluation (BFE), post performance evaluation 

(PPE) and building condition assessment (BCA).  

 

Similarly to the variables stated on the output specification document but in more detail, 

PPE, POE and BPE address the different design criteria which lead the users to 
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determine good design. They present the overall design concept, site design, health, 

safety and security provisions as important criteria. In addition, exterior appearance, 

internal appearance (colours and finishes), activity spaces, spatial relationship, entrance, 

circulation areas (lobby, hallways, and stairs) and adequacy of spaces (teaching, non-

teaching, social, external spaces, services and personal spaces) are points leading to 

good design. Environmental issues (heating, cooling, ventilation, lightning, acoustics 

and electrical issues) should also be considered.  Moreover, they address surface 

materials, accessibility for all, flexibility and adaptability for completing the picture of 

good design. Ease of maintenance in terms of each space and the total building should 

not be overlooked as a good indicator of a successful design (Lackney, 2001; School 

Works Ltd, 2004). Lackney (2001) emphasis within POE that good school design 

makes the school in the centre of community. Other researchers point out that an 

universal design should achieve equitable use, flexibility in use, simple & intuitive use, 

perceptible information, tolerance for error, low physical effort and size & space for 

approach & use (Wolfgang & Jacqueline, 2005). 

 

 

3.4.2.2 The Council of Education Planners Guide for Education Facilities 

The Council of Educational Facility Planners International (CEFPI, 2004) Guide for 

educational facility planning addressed the whole process of developing school projects. 

It gives a package of information about the educational buildings’ information, 

planning, management and evaluation processes. The guide explains five head factors 

which should be taken into account to evaluate elementary and middle schools in the 

operational stage. Those factors include building features, safety and security, the 

school site, educational adequacy and community use. These factors and their sub-

headings are illustrated in the Table 3.4.  

 

 

Head-Features Sub-Features 

Building Features 

Front entrance of the building is easy to identify and access. 

Building is barrier-free, both externally and internally. 

Entrances and exits are located to permit efficient student traffic flow. 

Number and size of restrooms is adequate throughout the building. 

Building layout provides good separation for after-hours and weekend 
use. 
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Table 3.4 The various design factors and their sub-heads stated in CEFPI Guide 
 
 

 

3.4.2.3 Schools design panel – assessment criteria (CABE) 

A school design panel is a good method to assess the quality of design. CABE believes 

that design panel assessment enables improvement to be made to proposals. It offers 

Building details, colour schemes, material, and décor are aesthetically 
pleasing. 

Year-round comfortable temperature is provided throughout the 
building. 

Ventilation system provides adequate circulation of clean air. 

Mechanical systems operate quietly and don't disrupt learning areas. 

Building acoustics provide for appropriate ambient noise levels. 

Areas are provided for student socialization. 

Corridors are adequate for student movement. 

Site and building are well landscaped. 

Finishes are of durable quality and easily maintained. 

Safety and Security 

Access to the building is effectively controlled. 

Safety is achieved for Car, bus, service vehicles and pedestrians. 

Sidewalks are designed and maintained for safety. 

Ample space is provided in corridors or protected areas for student safety 
in the event of natural disasters. 

Building has no "blind spots" that are difficult to monitor. 

Building, stairwells and restrooms are easy to supervise. 

The School Site 

Site is large enough to meet educational needs 

Site is well landscaped. 

Well pedestrianised. 

Sufficient on-site, solid surface parking is provided for daily use. 

Sufficient on-site, solid surface parking is provided for evening/event 
use. 

Aesthetic site  

Educational Adequacy 

Rooms are adequately sound isolated. 

Lighting is sufficient and controlled for tasks. 

Size of academic learning areas meets desirable standards. 

Classroom space permits arrangements for small group activity. 

Location of academic learning areas is near related educational activities 
and away from disruptive noises. 

Adequately and quietly personal spaces are addressed. 

Storage for student and teacher is adequate. 

The teaching stations are designed and arranged to support the learning 
activities that need to occur. There are adequate and well proportioned 
spaces for teaching, non-teaching, social, laboratories, services, 
community (health, counselling) services and administration spaces.  
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this method to help LAs developing and evaluating their schools’ design (CABE, 

Getting good design for building, 2007; Building school for the future, 2007; School 

design panel: information pack, 2007). It is drawn from a pool of around 20 expert 

advisors for UK architecture. It ensures that good design school can be assessed under 

ten general assessment criteria which are: 

 

� Identity and context (clear identity, strong public presence). 
 

� Site plan: best use of site. 
 

� School grounds: external environment. 
 

� Organization: creating a clear diagram of buildings. 
 

� Building: make form, massing and appearance work together. 
 

� Interiors creation: excellent spaces for learning and teaching. 
 
� Resources: deploy convincing environmental plans. 

 

� Safe environment: secure environment. 
 

� Long life: adaptable school. 
 

� Great synthesis: help and develop community. 
 

 

CABE believes that size, accessibility, flexibility, adaptability, welcoming and safer 

environment, natural air and light, outdoor design and climate change adaptability are 

very important factors to be considered to create the good design school. The 

explanation and details of these head factors are illustrated in the Table 3.5. 

 

 
  

Head-Features Sub-Features 

Identity and Context 

clear identity of design 

strong public presence 

Good  neighbourhood relationship 

encourage pupils and community 
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Site plan 

users needs are accommodated 

coherent with the site 

entrance routes make sense in relation to wider movement routes 

site arrangement for public transport 

well placed building 

easy access 

positive internal and external spaces 

easy access to the most used spaces 

welcoming and easy entrance 

safe site 

School grounds 

achieve school aims 

 achieve excellent outdoor learning 

design the ground respecting the orientation and climate 

well sheltered outdoor area 

easy maintenance 

Organization 

clear circulation routes 

patterns of use relate to the disposition of spaces and activities 

efficient social areas 

good external circulation 

building make the most of the opportunities afforded by the site’s 
topography 

disability requirements 

Buildings 

good architecture 

easily maintained and durable fabric 

well employed external colours 

durable internal and external fabric 

Interiors 

the interior environment works successfully 

well balanced natural and artificial lightning 

well controlled heating and ventilation  

good  internal materials and colours 

Resources 

minimizing energy and waste 

environmental performance 

passive solar energy 

natural light and air used 

long lasting school fabric 

low running and maintenance costs 

sustainability of building 

Feeling safe 

welcoming school 

well monitored entrance 

well defined boundaries 

safe external routes 

secure uses for community 
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appropriate access system 

easy internal and external spaces supervision 

Long life 

adaptability of site plan 

flexibility of design and spaces 

easy to change 

Successful Synthesis 

building achieves commodity, firmness and delight 

design helps students to be successful 

architect reflects the community aspiration 

a pleasure to study, work, eat and socialize 

successful combined architectural and engineering services 

Table 3.5 The various design variables stated by Schools Design Panel – assessment criteria 

 
 

 

3.4.2.4 Design Quality Indicators for Schools (DQIs) 

DQIs is an assessment method of the design quality of the school projects which was 

launched in 2005 by UK government. It is the approved method of assessment by HM 

Treasury and the Scottish government. It is also recommended by different 

organizations such as CABE, DfES, OGC, RISA, RIBA and OECD. 

 

DQIs assesses the building in terms of three main factors which are functionality, build 

quality and impact, and under each factor, there are different issues. The UK 

government sees DQIs as a good tool for helping to form the brief at early stages 

(Creating Excellent Secondary Schools, 2007; CABE, Better Public Building, 2006; 

Building Schools: the client as advisor, 2006 and School Design, 2003). In addition, the 

Organization for economic co-operation and development (OECD) sees DQIs as a 

successful method which can be used at different stages of a school project life-cycle. It 

is considered a good tool to prepare the brief involving all the stakeholders (OECD, 

2006). CABE envisages the people who would be involved in preparing DQIs as staff, 

LAs, building professionals, school governors, and community members (CABE, 

Picturing School Design, 2005). 

 

Durable finishes, minimal mechanical systems (heating and ventilation), site layout, 

sustainable and engineering & construction system are the main parts of build quality, 

while the impact covers a well sited and characterized building, pleasant circulation 

spaces, internal environment, well detailed forms, common areas and social integration. 

Good access for all spaces, well used spaces and flexible and adaptable spaces are 
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related to functionality (OECD, 2006; CABE, Picturing school design, 2005 and SE, 

School design: building our future, 2003). Details of the various design and engineering 

variables stated by DQIs are presented in Figure 3.4. 

 

 

                                                                                                   

Figure 3.4 The various issues highlighted by DQIs  

 

 

3.4.2.5 Quality Indicators for Designing schools (QIDs) 

QIDs, is also an assessment tool to be used for school projects assessing the design 

quality of various school projects. It was launched in 2002. The initial objective of 

using QIDs was to inform the people who involved in the brief stage in order to form a 

strong brief (Tombs, 2005). “QIDs” is approved and is recommended to be used at the 

preparation stage by different governmental and organizational departments. Similarly 

to DQIs, functionality, build quality and impact are the main head factors used by QIDs. 
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Under these factors, nine main issues are categorized to assess good design. These 

issues are uses, spaces, access, internal & external environment, social integration, 

sustainability & ecology, character & form, engineering systems and performance & 

construction (Tombs, 2005). 

 

                                                          

3.4.2.6 Facility assessment: Educational Suitability Model 

Welson (1998) explained the details of educational suitability model as a tool for 

facility assessment in educational system. He considered the facility assessment as the 

first step of preparing a master plan. He related good design to achieving educational 

objectives. Educational suitability considers capacity, security & supervision, physical 

characteristics, learning environment and relationship between spaces (Welson, 1998). 

An explanation of each factor is shown in Table 3.6. 

 

 
 

Head-Features Sub-Features 

Capacity 

Teaching areas 

Building size 

Social areas 

Services 

Administration areas 

Other services areas 

Site area (parking, landscaping, learning) 

Security & Supervision 

site, building, rooms 

Safe from outside 

Safe & supervised among themselves 

Physical Characteristics 

Building design characteristics enhance the main function 

Building level (no. of storeys) 

Room level (size, height) 

Learning Environment 

High quality and controlled lightning  

Noise level 

Controlled daylight 

Properly thermal comfort 

Relationship and spaces 

Relationship of major spaces 

Easy access to facilities 

Good way finding 

Table 3.6 The various design factors stated by Facility Assessment: Educational Suitability Model 
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3.4.2.7 Six factors school building assessment  

This method is unlike other assessment methods. It depends on different conventional 

social techniques for evaluating the educational environment. However, it is still useful 

to take its evaluation factors into account. This method evaluates the schools in terms of 

the building context, massing, interface, way finding, social spaces and comfort (Sanoff, 

2001). Further details of these factors are listed in Table 3.7.  

 
 
 

Head-Features Sub-Features 

Context 
building suits the site and streets 

appearance of the building fits the surrounding areas 

Massing 

well integrated building parts (pleasant appearance) 

clearly functionally subdivided parts 

well planned building parts in relation to each other 

Interface 

exterior indicates the interior function 

well connected exterior and interior 

easy access entrance 

safe exists 

Way finding 
sufficient external and internal circulation and routes 

well understood internal and external circulation 

social space 

well personalized spaces 

classrooms achieve their function and privacy 

accessible teacher space 

Comfort 

good and controlled thermal comfort for learning spaces 

good and controlled lightning comfort for learning spaces 

good and controlled acoustic comfort for learning spaces 

Table 3.7 The six factors school building assessment with their sub-factors 

 
 

 

3.4.2.8 Other assessment methods 

Sanoff (2001) states school building observation form one of the important assessment 

methods for built school projects. This assessment emphasises flexibility, quiet spaces, 

plenty of rooms in corridors and outdoor spaces for projects as factors of schools with 

good educational quality. In addition, he proposes a school building rating scale as a 

comprehensive qualitative assessment tool which categorises the essential components 

of achieving the optimum learning environment. The method relies on teachers and 

students opinions. It stresses outdoor areas, learning environment, social areas, 

transition spaces, visual appearance, safety and security and efficient circulation as 
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important criteria for achieving successful schools. Spatial layout and physical attributes 

are also stated as the main two factors of achieving good designed schools by a space 

assessment worksheet (Sanoff, 2001). The detailed variables of these two factors are 

presented in the Table 3.8. 

 

 
 

Head-Features Sub-Features 

Spatial Layout 

personal spaces 

shared spaces 

Circulation 

access to storage and outdoors 

technology adaptability 

physical attributes 

amount of space 

Lightning 

day light 

Acoustics 

Temperature 

Flexibility 

aesthetic appeal 

Ventilation 

Colours 

visual distraction 

Table 3.8. The detailed variables of the two main factors of space assessment worksheet  

 
 
 

From this review, it has been shown that the various post assessment methods either 

support the various design and engineering requirements stated by the various 

governmental documents, policies and regulations but with more details, or they include 

new design variables which enhance and develop the proposed framework of the 

various design and engineering requirements asked by the client at the briefing stage for 

new-build school projects. 

 

 

3.4.3   The relationship between school design and the physical environment with   

           educational performance according  to the  literature 

A number of researchers have studied the relationship between the educational design 

attributes and the educational environment and performance. The main question was: 
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which design criteria enhance and develop the teaching and learning environment? In 

fact, various researchers confirmed that achieving a good design and physical 

environment enhances and develops the teaching and learning environment in a school 

(Lackney, 2003; Sanoff, 2001). 

 

Chinyio et al. conducted a study published in (1998) to form a document including of 

the various needs asked and looked for by the clients for their construction projects in 

general at the briefing stage. They formed and identified fifty needs asked by the clients, 

however, only 17 of them were for designing issues which were beautiful looking 

produce, beautiful interior, exterior and finishes, beauty of buildings to match the 

surroundings, lowest price whatever, price of the product to meet the budget, balance 

between capital and maintenance costs, building to be operationally efficient, durable 

building, the building to reflect clients activities, building to satisfy occupiers, energy 

efficiency, quality of the building match the current standards, building to be efficient 

with intended purpose and value for money (desire quality at appropriate price).  

 

Moreover, Lackney (1997) indicated the important link between the educational 

performance and educational environment. He emphasized three head factors which 

affect the educational environment. He stated physical comfort and health in terms of 

thermal comfort, air quality, illumination, noise (acoustic), lightning and the ability to 

balance and control them as the first factor. Safety & security and curriculum features 

form the two other factors. Curriculum features covers building flexibility and 

adaptability, building functionality and building aesthetics and appearance. In addition, 

Lackney (1999) developed his study to cover all the design and engineering services 

issues. He stated 12 principles which the design of schools should follow to achieve 

high educational performance. Places for group learning, linking indoors and outdoors, 

creating variety, safe places, flexible design, personalized space, school environment 

and community use were the most important design principles. He emphasized again the 

importance of environmental issues which he had stated in his study in 1997, but added 

accessibility, facility size and the importance of smaller spaces. 

 

However, in 2003, Lackney enlarged and developed his studies to include 33 principles 

of designing educational buildings to be achieved in enhancing the educational 

environment and performance (Lackney, 2003). These principles cover all the aspects of 
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achieving good educational buildings, in terms of designing, planning, managing and 

curriculum organizion, of which only designing and engineering issues are the concern 

of this chapter. The study pointed out that it is not imperative to achieve all the 

principles, however; only addressing the best combination or the most possible 

principles is looked for. Lanckey identified nine head principles which are educational 

facility planning, design process principle, principle for site, building organization, 

primary educational space, shared school and community facilities, environmental 

issues, characteristics of all spaces and site design & outdoor learning spaces. Under the 

first two factors, planning the school as a neighborhood and achieving interaction 

between the school and its community are emphasized. Design compatible with the 

community, ensuring supervision, smaller schools, and designing a safe school come 

under site and building organization. Primary educational spaces includes providing 

sharing instructional resources spaces, designing for variety of learning, well 

architectural defined spaces and making school like a home. The educational building 

should comprise single and community used spaces. Shared school and community 

facilities are covered by establishing a community forum, community conferencing 

space, privacy niches, healthcare services places and virtual and physical learning 

spaces. In addition, maximizing the natural light and designing health buildings in terms 

of thermal comfort and controlled, high indoor air quality, functional aesthetic lightning 

and an appropriate acoustic are very important issues to be included. The last factor, 

considering site design and outdoor learning spaces, includes creating transitional 

spaces between outdoors and indoors for school and community, establishing a variety 

of outdoor learning and playing environment and creating a safe outdoors. A summary 

of the principles are explained in the Table 3.9. 

 

 

Principles Issues 

Educational facility planning & design 

process principle 

Achieve interactivity between the school and 
its community 

Plan school as a neighborhood 

Principle for sit & building organisation 

The design is compatible with the community 

Ensuring supervision 

Smaller school 

Designing a safe school 

Primary educational space 

Providing spaces for sharing instructional 
resources  

Designing for variety of learning 

Well architecturally defined spaces 
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School is like a home 

Shared school & community facilities 

Establishing a community forum 

Community conferencing space 

Privacy niches 

Healthcare service places 

Virtual and physical learning spaces 

Environmental issues 

Maximising the natural light   

Thermal comfort & controlled heating 

High indoor air quality 

Functional aesthetically lighting 

An appropriate acoustic 

Characteristics of all spaces 
Single use spaces 

Community use spaces 

Site design & outdoor learning spaces 

Creating transitional spaces between indoors 
and outdoors 

Establishing a variety of outdoor learning 

Creating a safe outdoors 
Table 3.9 The various design principles in Lackney’s assessment model, 2003  

 
 

 

OECD, in its publication V2005, also indicated the significance of achieving safety and 

security, sustainability, community participation, flexibility, fitness for purpose and 

health as essential requirements to build high educational quality schools (OECD, 

2006).  

 

 

3.5.   Summary     

Determining the essential and comprehensive framework of criteria for achieving a 

good design at early stages of a school project life-cycle is imperative. It helps to direct 

the project team to get VFM from their projects and enhances the teaching, learning and 

working environment. To accomplish this aim, this chapter has reviewed the range of 

policy guidelines and regulations which govern the design issues relevant at the briefing 

stage of schools. It has also examined the various design evaluation methods laid down 

by governmental agencies, which assess the design solutions for schools and highlight 

features of good design, and reviewed literature which relates schools design and 

physical environment with the educational performance of pupils and teachers. As a 

consequence, the various school design and engineering requirements asked by the 

client at the briefing stage and forming the main part of the produced brief have been 

identified. These requirements are repeatedly stated in the various documents reviewed, 

as the main requirements for successful school design. The most repeated requirements 
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within the previous documents can be summarized from the previous discussion as 

follows:  

 

� Design reflects aspirations. 
 

� Accommodation and spaces achieve functionality (fit the purpose). 
 
� Effective and efficient spaces. 

 

� Fulfilling working and learning environment (pupils and staff performance). 
 

� Efficient site plan. 
 

� Easy maintenance and optimal running cost. 
 

� Environmentally friendly. 
 

� Environmental issues addressed (engineering services). 
 

� Accessibility (normal and for people with disability). 
 

� Flexibility and adaptability. 
 

� Sustainability. 
 

� Built to last. 
 

� Effective internal and external environment, social integration 
 

� Broad community involved. 
 
� Attractive design (level of finishing and appearance). 

 

� Level of innovation. 
 

� Suitability and sufficiency 
 

 

All the detailed extracted design and engineering requirements obtained by analyzing 

and reviewing the previous documents are presented in Table 3.10. The different 
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techniques of VM and QFD were used in the analysis and reviewing process such as 

using a tree diagram with a hierarchy sequences and clustered analysis. Since Kamara & 

Anumba (1999) indicated that only the tangible client requirements which can be 

transformed to design solution should included in the weighting stage, while, the very 

general requirements from precedent levels are not included. Further, Chan & Wu 

(2002) stated that client words might be too general or too detailed to be directly 

employed as the formal client needs and requirements. The all previous stated design 

and engineering requirements were written and clustered relying on their 

interrelationships and hierarchical level as there were a similarities and differences 

among the various stated requirements in each documents. Griffin and Hauser (1993) 

stated the possibility of structuring clients needs and requirements into a hierarchy of 

primary, secondary and tertiary needs in which the tertiary needs are included in the 

weighting process as they can be developed into designing solutions. For example, the 

design is compatible with the community requirement, well sited building to its context 

and architect reflects the community aspiration were clustered under good neighborhood 

identity (building is a centre of community). Several revisions were made to arrive to 

the final design and engineering needs and requirements presented in the following 

table.   

 

 

  

Main Factors Detailed Factors Examples 

A
cco

m
m

o
d

a
tio

n
 R

eq
u

irem
en

ts 

Adequate internal teaching and 
learning spaces 

Large/small, laboratories, 
learning resources, ICT, 
personal spaces 

Adequate internal non-teaching 
spaces 

Halls, storage, staff & 
administration areas 

Adequate internal and external 
social spaces 

 

Adequate external learning areas  

Adequate services areas 
Toilets, medical, counsellors, 
engineering, ancillary spaces 

Adequate external spaces for 
non-learning 

Car parking, landscaping 

Well proportioned internal and 
external spaces 

 

Spaces fit for purpose 
(curriculum needs) 

Efficient and effective spaces 
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Adequate internal and external 
circulation and movement 

Circulation, corridors, stairs 

The arrangement of spaces give 
opportunities for student 
creativity 

 

Adequate community use spaces  

Well designed attractive spaces Colours and finishes 

Spaces enhance variety of 
learning 

 

The sport spaces fulfill the need 
of proposed school and other 
schools 

 

Adequate internal and external 
physical and sport spaces 

 

A
rch

itectu
ra

l D
esig

n
 Q

u
a
lity

 

Attractive and aesthetic internal 
appearance 

Building details, colours 
scheme and materials 

Attractive, pleasing and 
aesthetic external appearance 

Building details, colours 
scheme and materials 

Design achieves diversity of use  

Good neighbourhood identity 
(building is a centre of 
community) 

Design reflects the 
community aspiration 

Design gives a home feeling  

Overall efficient internal and 
external planning 

 

Design achieves building easy to 
use 

 

High profile public presence  

Good location of building on the 
site 

 

Design provides building with 
pleasurable environment for 
students to study 

 

Successful integration of 
engineering services within 
design 

 

S
u

sta
in

a
b

ility
 

Durable elements and 
components (long life) 

 

Efficiency Energy use  

Maximising the use of natural 
day light, ventilation (passive 
environmental uses) 

Orientation of the Building 

Adaptable to climate change  

Sustainable materials specified 
Low embodied energy 
materials 

Minimizing the mechanical and 
electrical systems 
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Design Flexibility and 

Adaptability 

Design of site is adaptable  

Flexibility design and spaces  

A
ccessib

ility
 a

n
d

 D
isa

b
ilities In

clu
sio

n
 

Inclusive and well organized 
internal & external access for all 

 

Design attains ease of 
movement through building and 
site for all 

 

High environmental features for 
people with disabilities 

 

Adequate internal and external 
circulation for people with 
disabilities 

 

Inclusion of welfare spaces to 
support people with disabilities 

 

Specifically designed features 
for people with disabilities 

Colours and finishes 

Welcoming and easily identified 
entrance 

 

Access for public and private 
transportation 

 

The provision of way finding 
principles 

 

E
x

tern
a
l S

ite a
n

d
 

S
ch

o
o

l G
ro

u
n

d
 

Outdoor learning environment 
features 

Protection from weather, 
gardening opportunities 

Well designed landscaping  

Site is big enough to meet 
educational needs 

 

Exterior design indicates the 
interior function 

 

C
o

m
m

u
n

ity
 

In
v
o
lv

em
en

t 

Easy and adequate access for 
community 

 

Interactive relationship between 
school and community 
organisations 

 

Design encourages community 
use 

 

Design creates welcoming 
school 

 

B
u

ild
in

g
 P

erfo
rm

a
n

ce
 

Design accommodates good ICT 
Infrastructure 

Information and 
communication technologies 

Design enhances learning and 
teaching performance 

 

Building design enhances 
students motivation 

 

Design gets the overall client's 
and users' satisfaction 

 

Internal and external design 
enhances social activities 

 

Building makes the most of site 
features and topography 
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E
n

v
iro

n
m

en
t D

esig
n

 a
n

d
 P

erfo
rm

a
n

ce 

Well balanced natural and 
artificial lighting 

 

Adequate lighting for all day, all 
year 

 

Easily controlled lighting by 
users 

 

Thermal comfort for all day, all 
year 

 

Easily controlled temperature by 
users 

 

Good acoustic performance in 
the different areas 

 

Well balanced natural and 
mechanical ventilation 

 

Adequate ventilation (good air 
quality) for all day, all year 

 

Easily controlled ventilation by 
users 

 

Environment enhances pupils 
motivation and achievement 

 

Well controlled relationship 
between thermal and ventilation 

 

Mechanical systems do not 
disturb the learning activities 

 
B

u
ild

in
g

 

O
rg

a
n

iza
tio

n
 a

n
d

 

P
la

n
n

in
g
 

Design attains a good 
relationship between spaces 
(Spatial relationship) 

 

Well organized site  

Patterns of use relate to the 
disposition of spaces and 
activities 

 

Good linking well between 
indoors and outdoors 

 

S
a

fety
, H

ea
lth

 a
n

d
 

S
ecu

rity
 

Design allows good internal and 
external supervision of users 

 

Safe internal and external 
movement 

Safe circulation, stairwell 

Adequate security for 
community use 

 

Safe approach to school  

Safe building entrance  

Clear boundaries of the site  

Well supervised personal spaces  

Safe site is created  

Operation of Building 

Minimise maintenance cost  

Minimising operational cost  
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Overall easy building and site 
maintenance 

 

  

Overall Building Value for 

Money 
VFM  

Table 3.10 The various extracted design and engineering requirements asked by the school clients 

 
 

 

These requirements form the main part of a school brief at the end of the briefing stage, 

in addition to the basic information about the school such as total area, number of 

pupils, site condition, climate conditions (weather, natural light, demography of a site 

and level of noise), number of stories, the height of the storeys and contract period. 

 

This chapter will provide the basis for formulating the various design and engineering 

clients and users’ needs and requirements for the first questionnaire (chapter 6). The 

main aim of the questionnaire will be firstly, confirming the stated design and 

engineering requirements identified in this chapter as the various requirements of the 

school clients at the briefing stage, and secondly, establishing the extent to which these 

requirements are important to the school clients. Chan & Wu (2002) stated that the best 

method to determine the level of importance of the various client needs and 

requirements is mail surveys, Since a sufficient number of respondents should be 

surveyed to provide statistical significant. The questionnaire is going to be sent to the 

various LA representatives and technical advisors who are believed to be involved in 

writing the school brief for new build school projects.     
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Chapter 4: Methodology 

 

 

4.1 Introduction 

This chapter outlines the different themes, principles and procedures of the different 

research philosophy, methodologies, methods and data collection and analysis 

techniques generally and specifically those adopted in this research. It first discusses the 

overall appraisal of the research philosophies, paradigms, methodologies and methods 

available. Three fundamental typical research methods including qualitative, 

quantitative and mixed methods are explored and evaluated thoroughly, to determine the 

most appropriate method to be employed. It then presents the most suitable research 

paradigm and method adopted to achieve and answer the aim, objectives and questions 

of this research. Finally, a brief explanation of the modelling process is also presented.        

 

 

4.2 Research paradigms 

The theoretical framework which includes a system by which people view events is 

called a paradigm (Fellows & Liu, 1997). It influences the way knowledge on that topic 

is studied and interpreted (Bogdan & Biklen, 1998). Mertens (2005) points out that 

researcher need to decide on a paradigm before they can decide on the methodology, 

methods, literature or research design. 

 

The term ‘paradigm’ might be defined as “a loose collection of logically related 

assumptions, concepts, or propositions that orient thinking and research” (Bogdan & 

Biklen, 1998) or the broad framework of perception, understanding, belief underlying 

theories and practices (Fellows & Liu, 1997). In other words, placing the research 

within a ‘paradigm’ causes it to adopt philosophical assumptions that influence the way 

the researcher understands events of phenomena in that field (Maxwell, 2005).  

 

In recent years, there has been a shift from using the established paradigms of normal 

science where they failed to explain new facts or were unable to meet new challenges 

(Punch 2000 and Hofstede, 1991). Although people involved in normal science did not 

initially like this change, over times, more and more people moved to the new 
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paradigms (Ahadzi, 2004). In social/management sciences, people use specific 

paradigms too, but there is less consensus as to which paradigm dominates. 

 

Moreover, new terminologies and expressions for research strategies, theories and 

paradigms have emerged which can confuse the new researchers. Naoum (1998) 

considers that one of the problems of reading about research methods is the fact that 

some writers use terms that may be incomprehensible to other people. Some authors 

prefer to discuss the research framework in terms of ‘knowledge claims’, based on 

either how the researcher sees the nature of the world (ontology), the way of 

understanding the facts and knowledge (epistemology), or the way of conducting the 

research or knowledge (research methodologies) (Creswell, 2003; Neuman, 2000).  

 

Bryman and Bell (2007) classify this position into either objectivism, in which the 

research problems need to be looked and examined objectively because these problems 

have a reality that is separated from the perception of the social actors, or subjectivism, 

in which the research problem should be examined subjectively where the perception 

resulting from examining the research problem is actually based on (observing and 

interpreting) the perceptions and performances of social actors.                   

 

The epistemological position is related to the knowledge theory which attempts to find 

out how and what people can know, what the researcher understands and how he or she 

deals with the social phenomenon to answer the research problem (Coyle, 2007). An 

epistemological position can be classified into, positivism, interpretivism or 

pragmatism. Firstly, positivist researchers apply the procedures and principles of natural 

science to examine a social phenomenon. Secondly, interpretivist researchers consider 

there is a distinction between the logic of natural science and the way people behaviour 

so they claim that the social phenomena can not be study apart from the way people 

make sense of the surrounding world (Bryman & Bell, 2007). Thirdly, pragmatist 

researchers are not committed to any one system of philosophy or reality. They place 

the research problem in the centre and apply all approaches to understanding and 

dealing with the problem (Creswell, 2003). 

 

The last position is related to the way of conducting the research which is called the 

methodology position. Methodology can be simply defined as the way adopted by the 

researcher to discover what they consider as acceptable knowledge (Saunders et al., 
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2009) or the procedures of logical thought processes applied to scientific investigation 

(Fellow & Liu, 2005). Research methodology can be classified into deductive and 

inductive research. Inductive research builds or develops theories and hypotheses by 

observing the empirical world for example, a social phenomenon and then moves on to 

provide explanations that can be developed into theories or hypotheses (Gill & Johnson, 

2010; Crowther & Lancaster, 2009). Inductive research is often used to investigate a 

new area where there is limited previous literature to build on (Saunders et al., 2009). 

However, deductive research is the research which commences with built and developed 

theory to form a theoretical structure to investigate the implications of the theory in the 

following stage. This research type is applied where there is extensive existing literature 

relating to the subject under study, which can be used to construct a conceptual 

framework hypothesis (Saunders et al., 2009). This research type is therefore aimed 

mainly at validating the already developed theories and is associated with philosophical 

assumptions related to the positivist paradigm (Gill & Johnson, 2010).            

 

Consequently, to avoid confusion, the paradigms have been classified into three main 

categories which cover the spectrum of positions that researchers adopted. 

 

 

4.2.1 The positivist (quantitative) paradigm 

The terms positivist, quantitative, scientific method and objective all come under the 

same philosophy. This philosophy, that considers the world and reality objectively and 

describes them by measuring properties which are not dependent on the researcher and 

the instruments and tools used, is called positivism (Kelly, 2004). Thus seeing, 

understanding and dealing with the world and knowledge should be achieved within the 

framework of principles and assumptions of science (Cohen et al, 2000). This 

philosophy also underlies the quantitative research approach which is related strongly to 

rationalism and objectivity, as it is only familiar with observable phenomena (Fellows 

& Liu, 2005). However, Crotty (1998) pointed out that qualitative methods can be 

studied and understood positivistically. Qualitative method is more towards the research 

with inductive nature rather than research with deductive nature. 

 

Positivism also has a big role in the social research in which it assumes that the social 

world can be explored and studied in the same way as the natural world, by applying the 

same principles and procedures, and that explanations of a causal nature can be 
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provided (Bryman & Bell, 2007 and Mertens, 2005). The main concept of positivism is 

that people’s behaviour, principles and views can be studied, measured and explored by 

using objective and scientific methods such as those used in the natural science such as 

physics, chemistry or biology (McNeill & Chapman, 2005). In addition, positivists aim 

to test theories or describe experiences through observation and measurement of the 

surrounding environment (O’Leary, 2004).   .   

 

       

4.2.2 The interpretivist (qualitative) paradigm 

Interpretivist, constructivist, qualitative, inductive and subjective terms all express the 

underlying philosophy of interpretivist research which seeks to understanding “the 

world of human experience” (Cohen & Manion, 1994). Interpretivists suggest that 

“reality is socially constructed” (Mertens, 2005) and consider that people in the social 

world think and behave differently because they have the ability to sense and react 

consciously and distinctively in response to a social problem (McNeill & Chapman, 

2005). So reality is considered complex and a single phenomenon might have several 

explanation and interpretations (Cohen et al, 2000). The constructivist researcher 

depends strongly on the views of participants of the problem studied and is aware of the 

pervasive effect of the participants’ experiences on the research (Creswell, 2003). 

Moreover, interpretivism rests mainly on how people make sense of their surrounding 

world and the interpretation of their behaviour towards each other, both of which affect 

the resulting actions (Saunders et al, 2009). Creswell (2003) explains that interpretivists 

create or inductively build up a theory or hypotheses throughout the research process 

rather than testing a theory which they have already constructed.  

 

The constructivist researcher is most likely to depend on either qualitative methods or a 

combination of both qualitative and quantitative means (mixed methods) for data 

collection and analysis. In mixed methods, quantitative means might be used to support 

or expand on qualitative data and to effectively deepen the interpretation. According to 

Fellows & Liu (2005), a constructivist approach sees reality as formed by the people 

involved in and is more likely to feature in qualitative studies. This is one reason why 

interviews are a method commonly used by interpretive researchers as a way of 

systematically observing the events under exploration leading to qualitative results 

presented in prose text, rather than in tables and graphs as used in quantitative methods 

(Locke, 2003).                    
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4.2.3 Pragmatism paradigm 

Pragmatism is seen as the paradigm which is not committed or aligned to any one 

system of philosophy. Pragmatist researchers are concerned with the ‘what’ and ‘how’ 

of the research problem (Creswell, 2003). They totally disagree with the idea that 

qualitative and quantitative research methods have a contradictory nature, but rather see 

that by mixing these methods to solve a research problem, research can gain the 

advantages of each and avoid their limitations (Jupp, 2006 and Fellows & Lui, 2005). 

Mertens (2005) notes that early pragmatists rejected the concept by which a single 

scientific method, social inquiry, is able to access the truth about the real world. In fact, 

pragmatism is considered as the underlying philosophical framework for mixed 

methods research (Tashakkori & Teddlie, 2003). So the research problem is the centre 

in the pragmatic paradigm, whatever the adopted approaches applied for understanding 

and solving the problem (Creswell, 2003). In other words, in pragmatism, there is no 

philosophical loyalty to any paradigm from which the most appropriate research 

question, data collection and analysis methods to explore the research question are 

chosen.  

 

Consequently, the most appropriate research data collection and analysis methods 

(quantitative, qualitative or mixed methods) for a specific study will be determined by 

the paradigm and research question rather than the nature of the researchers themselves. 

In other words, there are not ‘quantitative’ or ‘qualitative’ researchers, but rather a 

researcher is responsible for applying the most appropriate research methods to answer 

a particular research question. Table 4.1 illustrates the major research paradigms, their 

methods and examples of their tools.  

 

 

               

Paradigm Methods 
Data collection tools 

(examples) 

Positivism 

Quantitative methods (predominant) 
Experiments 

Quasi-experiments 

Qualitative methods might be used 
Survey 

Longitudinal study 

Interpretivism/ 
Constructivism 

Qualitative methods (predominant) 
Interviews 

Observations 

Quantitative methods might be used 
Document reviews 

Case study 

Pragmatism Qualitative and Quantitative Tools from both 
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methods may be employed previous paradigms e.g. 

Interviews 

Research question and purpose 
determine the best methods used 

Surveys 

Scales 

Observations 
Table 4.1 Paradigms: methods and tools adopted 

 
  

 

4.3 Research strategies in construction management 

McCaffer & Edum-Fotwe (1999) views that construction management can be defined as 

the application of the principles of economics and management systems to the business 

environment and production system of the organisations involved in the construction 

industry. Research is an important platform for the development of the construction 

management field as in other social fields. Changes in the approach to managing 

projects and undertaking business in the construction industry have been brought about 

not only by industry competition but also through the research contribution. In 

construction management studies, as with other social studies, different research 

approaches, paradigms and theories were identified and adopted by many researchers 

have driven these changes (McCaffer & Edum-Fotwe, 1999)  

 

Similarly to the case in social science, considerable debate about the research paradigm 

issue emerged in construction management in the mid 1990s where there were strong 

arguments for or against the researcher position in terms of positivism (quantitative), 

interpretism (qualitative) or pragmatism (mixed) (Seymour et al, 1997; Runeson, 1997; 

Raftery et al, 1997 and Seymour and Rooke, 1995). For example, commenting on the 

suggestion of Seymour et al. (1997) that it would be better for researchers to concentrate 

on the interpretive (inductive, qualitative) methods over the positivist (rationalistic, 

quantitative, deductive) methods to understand the world, Runeson (1997) claims that a 

positivist paradigm is very suitable for construction management researches and the best 

insurance against bad research. The outcome of these debates has been acceptance that 

project management is actually a multi-paradigmatic discipline in which the main 

research objectives, the sought project outcome and the audiences to which it is meant 

to be addressed all play important roles in the choice of an appropriate paradigm. 

Concerning this research, the intention to build cost estimating model which relies on 

client satisfaction of several requirements as cost drivers give the research the positivist 

nature, although that client satisfaction levels have the subjective nature. However, the 
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lower amount of literature covers the research themes calls for the need of exploratory 

study with qualitative nature as seen later.  

     

         

4.4 Research methods 

The different techniques and tools used by the researchers to collect and analyse data 

are called research methods (Saunders et al., 2009). The main research methods used in 

the construction management field tend to be quantitative, qualitative and mixed 

methods, with a preference for quantitative approaches (Dainty, 2008; Carter & Fortune, 

2004 and Loosemore et al., 1996). Carter & Fortune (2004) found that researchers who 

published papers in 2000 and 2001 in the Association of Researchers in Construction 

Management (ARCOM) annual conferences, applied quantitative methods more than 

the other methods. This result supports the findings of Lossemore et al (1996) that 

researchers publishing papers in Construction Management and Economics between 

1983 and 1993 used quantitative methods more than the other methods: 57% of the 

papers reported research using quantitative methods, 8% using qualitative methods, 

13% using mixed methods while 22% were discussion papers. However, Punch (2000) 

has pointed out that over the last thirty to forty years, the dominance of quantitative 

methods in empirical part of social research has been challenged, in favour of 

qualitative means. And Edum-Fotwe et al. (1997) believe that there is a room for both 

perspectives to co-exist within construction management studies, and in fact 

complement each other. Moreover, the debate over the most appropriate research 

methods for a particular piece of research work has led to awareness of the possibility 

combining both approaches. This means the researcher can choose the most appropriate 

method to conduct research more easily and objectively (Fellows & Liu, 2005) in which 

in this research, it is believed that the mixed of qualitative and quantitative methods is 

very helpful and appropriate ways for the research to be conducted as qualitative and 

quantitative information and data are sought.  

 

  

4.4.1 Qualitative research methods 

Qualitative research uses means that are subjective in nature (Naoum, 1998), very often 

based on personal opinion or feeling (Holt, 1998), in which the researcher adopts the 

constructive view to gain knowledge (Creswell, 2003). Qualitative research typically 
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attempts to capture the live experience of the social world where people concerned 

share their experience from their different points of view (Corti & Thompson, 2004). 

Creswell (2003) highlights that the exploratory nature is a strength of qualitative 

research, because the researcher does not pre-determine the important variables of the 

study to examine. In other words, qualitative research is more oriented towards 

generation of a theory that helps to explain a phenomenon than testing a theory 

(Rudestam & Newton, 2001). This is supported by Fellows & Liu (2005) who state that 

qualitative methods are used to explore thoroughly the research area, to enhance the 

understanding of the subject and to gather relative data in order to create new theories.   

This means that the data gathered for a specific situation by qualitative methods should 

have thick descriptive nature. Researchers in qualitative methods are likely to be 

intimately involved in all stages of the work in more active way than quantitative 

researchers. Miles & Huberman (1994) declared that in qualitative research, researchers 

should have intense and prolonged contact with the field studied, to reflect and describe 

the everyday life of the people, groups and organisations to gain a holistic overview of 

the studied subject.  

 

Three means of data collection are prevalent in qualitative research methods. These are, 

according to Holt (1998), observation, in which descriptive observations of verbal and 

non-verbal behaviour are presented; unstructured interviews, in which verbal 

description of people’s experiences of a phenomenon is elicited, and open question 

surveys in which people are asked to provide descriptions of their experience of a 

phenomenon in a written mode. Researchers using qualitative methods tend to utilise 

inductive analysis of data in an attempt to extract critical themes out of it (Patton, 1990). 

Further, the data collection and analysis in qualitative research are simultaneous 

activities (Krueger, 1994). So modifications during the data collection process based on 

researcher’s judgement typically would be made for the data collection framework and 

materials, such as sample size and type, questions and sought information. Data 

collected by qualitative methods are rich but unstructured and difficult to analyse, 

making the analysis of the sheer volume of data complex and time consuming which 

may lead to the possibility of neglecting critical facts (Fellows & Liu, 2005). So this 

means the sample in qualitative studies tends to be small and studied in depth (Ahadzi, 

2004). 
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So, qualitative research methods with its used techniques such as interviews are 

believed to be very useful and provide very rich data on specifics themes in which 

qualitative interviews as exploratory study are adopted in this research in an attempt to 

form the full understanding of briefing, designing, procuring and costing new-build 

school projects to complete what have been missed or not found in the literature.           

  

 

4.4.2 Quantitative research methods 

Quantitative research is the research method considered “objective” in nature (Naoum, 

1998), through which researchers adopt a positivist view of knowledge acquisition and 

development (Creswell, 2003) and, which uses a deductive framework by testing 

theories and hypotheses rather than generating a theory (Creswell, 2003). According to 

Fellows & Liu (2005), it is a scientific method in which initial exploration of a theory 

and literature yields precise aims and objectives with hypotheses to be tested. Creswell 

(2003) explains that in quantitative research, the research question, variables, and 

hypotheses are identified precisely at early stages of research work by investigating 

substantial amount of literature, followed by the collection of the relevant data to test 

them, and then reflecting on whether the theory is confirmed or disconfirmed by the 

results of study. The quantitative methods are therefore employed for confirmatory, 

explanatory and hypothesis-testing purposes (Creswell, 2003 and Punch, 2000).  

 

Different quantitative methods are now well accepted in the social sciences such as 

structured interviews, structured surveys, symbolic models and physical 

experimentation (Naoum, 2003). Moreover, the quantitative approaches typically hold 

that the researchers should stay independent from the researched, which Hofstede 

(1991) saw as an advantage in terms of reliability, while Gable (1994) saw it as a 

limitation. He stated that in quantitative research, there is limitation of actions which 

can be taken by the researcher when either a crucial item of the research has been 

omitted from the survey or when discovering that a question is not clear or 

misunderstood by the respondents. So, He suggested a solution of this limitation in 

which the researcher should think of the answer sought before designing the question. 

For sampling of quantitative approaches, Black (1999) states that data should be 

collected from a representative sample of huge population in an attempt to control any 

bias.     
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This means that to test the correlations between client satisfaction achieved by 

articulating their needs and requirements for new projects and the cost of that project, 

quantitative research approaches are believed to be the most suitable methods to be 

applied. An extensive literature were reviewed to determine and explain the various 

design and engineering needs and requirements which the client asked at the briefing 

stage and also to explore the previous studied which attempt to correlate the satisfaction 

and cost. Then quantitative surveys were conducted to achieve the different objectives 

of this study.   

 
 
4.4.3 Mixed research methods 

Creswell et al. (2004) have noted that the mixed research method is more than simply 

collecting both quantitative and qualitative data; but that it involves a need for data to be 

integrated, related or mixed at some stage of the research process. According to Fellows 

& Liu (2005), mixed research acts as a bridge linking between two or more research 

methods to make them more mutually informative, in spite of maintaining the distinct 

contributions and integrity of each independent approach. Other advantages of mixed 

research identified by Newman & Benz (1998) are: greater confidence in results, 

assistance in uncovering deviant or surprising dimensions of a phenomenon, theory 

integration, and enriched descriptions. These benefits contribute to the recent popularity 

of mixed method designs (Creswell, 2003). 

 

Three broad reasons were suggested by Greene et al. (1989) for using mixed methods, 

which are: enhancing the ability to confirm data via triangulation, elaborating or 

developing analysis, and initiating new ways of thinking by turning ideas around and 

providing fresh insight. For instance, quantitative data might help the qualitative study 

to find a representative sample without deviant cases during the design stage, provide 

background information during data collection stage, and show the generality of specific 

observations during analysis stage. On the other hand, qualitative data may help the 

quantitative study to enhance the development of concepts during the design stage, 

making data collection easier, and contributing to the validation, interpretation and 

illustration of quantitative outputs during analysis stage (Ahadzi, 2004). Two 

approaches to the application of mixed methods, mixed model or sequential were 

explained by Johnson & Christensen (2004). In the former approach, the researcher 

mixes both methods (quantitative and qualitative approaches) within a stage of a study 
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or across two of the stages of the research process, while the sequential method means 

that the quantitative research is used by the researcher for one stage of a research study 

and the qualitative research is employed for another phase of the study. So, sequential 

approach of mixed research method was adopted to achieve the different objectives of 

this research as discussed previously. 

 
The most important issue in justifying the utilising of mixed approaches in the Built 

Environment is that each single methodological approach has its own strengths and 

weaknesses. So, the mixed methods (qualitative and quantitative approaches) should be 

used as long as the final product highlights the contributions of both (Naoum, 1998). 

Further, in construction management, PhD research students employ mostly mixed 

methods. Hughes (2003) found that sixty three percent of the seventy PhD students in 

his study used two or more research methods in their studies.  

 

In summary, it is the nature and objectives of the work together with the consequent 

nature of the collected data which determine whether the study is carried out by 

qualitative, quantitative or mixed methods (Fellows & Liu, 2005) in which the 

objectives and nature of required data for this research point out that mixed of 

quantitative and qualitative methods are needed to be conducted to accomplish the 

study. Firstly rich data is required for completing and enhancing the different studied 

themes of this research and then quantitative data is sought for establishing the different 

levels of importance and satisfaction of the various studies client requirements for their 

new projects.             

 
 

4.5 Data collection 

Fellows & Liu (2005) see a piece of research as similar to an information system in 

which, in order to determine the output for information system, the outputs of the 

research must be decided at the commencement of the research, and the input data 

requirements could be determined after taking account of the conversion process, the 

chosen analysis etc, which will be carried out to produce the outputs. However, they 

also pointed out that the research outputs will not be known until the end of the research 

journey or might not be identified even then as a result of the nature of the research 

which is considered as a ‘voyage of discovery’. The information system of the research 

work is illustrated by Fellows & Liu (2005) as in Figure 4.1. 
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Figure 4.1 Simple model of an information system (source: Fellows & Liu, 2005) 

 

 

The previous figure shows that the outputs should be considered in terms of aim, 

objectives and hypothesis of the research. Fellows & Liu (2005) stated that a careful 

planning stage is very important to evaluate the alternative chosen methods for data 

collection in terms of what is the required data and from where it should be determined. 

The evaluation and analysis of the objectives, sought data, proposed analyses and the 

sough results led to choose quantitative questionnaire survey and qualitative interview 

methods as the two types of data collection techniques for the current research in order 

to answer its research questions and objectives. Questionnaires and interviews are 

widely used by the researchers of social science in the Built Environment (Fellows & 

Liu, 2005). 

 

 

4.5.1 Interviews 

Interviews are not like everyday conversations in that they have a purpose and a 

structure, and practice careful questioning and listening skills to obtain thoroughly 

tested knowledge, while the former is considered as only an exchange of views (Kvale, 

1996). Besides, some types of interviews do not simplify the subject matter, but instead 
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explore it in a comprehensive way with the purpose of discovering some of its hidden 

complexity and richness (Rubin and Rubin, 2005).  

 

Different classifications have been assigned to interview types by the various 

researchers in literature. Patton (1990) categorised them into three general types which 

are the open-ended interview, the informal conversation interview and the formal 

conversation interview, while in other texts, they are classified relying on their nature 

and the restrictions placed on both respondents and the interviewer, i.e. unstructured, 

semi-structured and structured interviews (Fellows & Liu, 2005 and King, 1998). In a 

structured interview, precise questions are employed to be asked and recorded in all 

interviews. The questions are presented in the same order and with the same wording to 

each interviewee. There is not much adding of supplementary questions to get more 

details from the interviewees and the interviewer will have full control of the questions 

asked over the entire process (Fellows & Liu, 2005 and Naoum, 1998). The structured 

interview tends to elicit data of a quantitative nature. In the unstructured interview, on 

the other hand, more freedom for the interviewees expressing their opinions, views and 

expectations is given, with less control by the interviewer, as they introduce the research 

and interview topics briefly and then record the responses to the studied themes. Open-

ended questions are typically used for this interview type, and located at a very general 

level to explore the direction taken by the interviewees in their responses (Naoum, 

1998). The semi-structured interview comes in between the previous two types, as it 

neither includes very precise questions nor it lies completely at the general level. In 

semi-structured interviews, the interviewer uses a general guide and list of topics and 

questions. This type of interview varies widely from a questionnaire type, with some 

probing, to a list of topic areas on which the respondents’ opinions and experiences are 

recorded. The unstructured and semi-structured interviews are considered suitable for 

qualitative data collection, capturing the lived experiences of the social world from 

representative respondents’ point of views as Corti & Thompson (2004) advocate. 

Further, qualitative interviews are better method than the questionnaire approach for 

collecting qualitative data in terms of flexibility, applicability and producing an in depth 

study (King, 1994). 

 

The samples of qualitative interviews are most often small (Corti & Thompson, 2004), 

and Silverman (2001) suggests that half a dozen interviews would be enough to 

generate sufficiently relatively reliable data.                
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4.5.2 Surveys 

Surveys are a widely method used to collect scientific information. Survey data can 

express attitudes, intentions, opinions and beliefs as a way of recording data about the 

studied subjects perceptions of the issues presented (Black, 1993). Naoum (2003) 

considers a survey as a suitable research technique, as it is, able to gather data from a 

wide number of respondents geographically spread within a limited time frame. 

 

The questionnaire is widely used when an analytical survey is required in order to find 

out the facts and views to explore and evaluate the research subjects. An important 

aspect, which should be considered for designing a questionnaire, is that the 

questionnaire should attain the largest possible number of responses to allow for 

meaningful analyses to be carried out (Abdul-Kadir, 1996). In addition, survey 

questions should widely cover and be related to the subject studied. Hague (1993) also 

mentioned that drawing accurate information from the respondents to get a close picture 

as possible as to the real life is considered as an essential role of the questionnaire, and 

in order to achieve the accuracy, the right question should be asked to the right person. 

Naoum (1998) warns that the survey questions should not be arbitrary, and need to be 

based on literature review. 

 

The postal questionnaire is probably the most widely used data collection approach for 

conducting surveys (Fellows & Liu, 2005). It is most suited to surveys with a clear 

purpose which is enough to be explained in a few paragraphs (Naoum, 1998). Several 

advantages aligned with the postal questionnaire were highlighted by Fellows & Liu 

(2005) and Naoum (1998). They describe this method of data collection as an 

economical method in that it assembles a large amount of information at minimum 

expense and it is a quick method in terms of respondents’ time. Also it does not put 

respondents on the spot, as they would be in the interview methods and allows them to 

take time and make further consultation prior to answering the questions. They also 

stated that it offers a relatively high validity of results from a large number of 

companies over a wide geographical coverage. 

 

On other hand, as with any other research methods, disadvantages associated with the 

questionnaire method have also been identified. Fellows & Liu (2005) outline the 

difficulties in designing a good questionnaire, the low response rate; the risk of shallow 

replies and the difficult of being sure that the right person answers the questionnaire. 
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They also added that more often than not, it involves a lot of time of designing, sending 

and receiving the responses and observational data cannot be supplemented to the 

respondents’ answers. 

 

 

4.6 Modelling in construction research 

One definition of a model might be a procedure developed to reflect, by means of a 

derived process, adequately acceptable output for an established series of input data 

(Seeley, 1996). It is a means of presenting and understanding of part of the world which 

can not be visualised or studied as a whole and can therefore be explained via a simpler 

picture to help understanding and investigation. Models communicate ideas and facts 

about a system, creating new ideas for designing and operating the system, help to 

predict how the system would work in different conditions, and to give insight into the 

system behaviour in a certain manner (Raferty, 1998; Lave & March 1975). Jaggar et al. 

(2002 and Ferry et al, 1999) relate these purposes and functions of models to examples 

from the construction field. They state that models communicate facts about the system, 

such as a model to predict future cost of a specific type of building in a specific 

location, communicate ideas about the system such as a model to represent the required 

spaces of a specific building, predict how the system would behave in certain 

circumstances such as the relationship between project cost and procurement used, and 

the provision of insight into the system behaviour in certain manner such as observing 

the cost behaviour of the project model.  

 

In addition, Pilcher (1992) referred to a number of characteristics which models should 

have. He stated that models must be capable of manipulation so as to predict the optimal 

values of the chosen variables, must be simpler than the reality they represent, must be 

easier to manoeuvre and control, and must be cheaper, because failure of the real thing 

would be expensive. Further, models might be either investigative models for auditing 

requirements or predictive, which is more valuable (Fellows & Liu, 2005). So the main 

benefit of models is the ability to predict the behaviour of a real life situation.  

 

According to (Pilcher, 1992), two methods were determined to explore the relationships 

included in models which are either experimentation or mathematical analysis. 

Experimentation means approaching the optimal solution of the variables’ values in the 
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model by comparing the results of trying a series of different values for those variables, 

while, solving one or a series of mathematical equations to find out the precise and 

optimal results, is the main idea of mathematical analysis. 

 

Four common forms of model are expressed by Fellows & Liu (2005). Firstly, an iconic 

model which is a visual or pictorial representation and scaled transformations of certain 

aspects of a real system such as detailed drawings of parts of a building (Churchman et 

al., 1957). Secondly, a replication model which displays significant physical similarity 

to the reality, such as a doll (Sayre & Crosson, 1963). Thirdly, representing one set of 

properties which the system has by using another set of properties is the main aim of an 

analogue model, like an electrical circuit to mimic heat flow through a cavity wall 

(Churchman et al., 1957). And finally, a symbolic model requires logical or 

mathematical functions, for example, the ‘S curve’ equation of a project cash flow 

(Churchman et al., 1957). Fellows & Liu (2005) observed that although iconic and 

replication models are generally used in the construction industry, analogue and 

symbolic models are common forms for research purposes. However, as this research is 

about costing and monitory issues, Fellows & Liu (2005) emphasise that, for the sake of 

expediency and cost, it is very important to create models which represent the real 

situation in another or smaller scale form, to approach a realistic evaluation of 

performance. These models would be either physical (as in a three-dimensional 

architect’s balsa model), three-dimensional computer graphics ‘walk-through’, 

mathematical (as in a heat loss equation), or finally statistical where some historic 

collected information shapes a specific trend. 

 

According to Beakley & Chilton (1974), Building models involves a thinking process, 

enhancing the interesting applications and looking for generality. So Raftery (1998) 

showed the model building process in a simple form as presented in Figure 4.2. 
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Figure 4.2 Simple model building procedure (Source: Raftery, 1998) 

 

 

Figure 4.2 shows that the process of building model commences with defining the 

objectives which need to be investigated. Then exploring the underling assumptions 

about the studied variables is achieved with the attempt to make these assumptions 

clear. This is followed by the constructing of hypotheses to be tested and validated.  

 

Modelling in research might be qualitatively and quantitatively based, relying on the 

model’s objective and nature. Models attempt to interpret the outcome to help in 

decision making. For this research, statistical model is adopted in an attempt to employ 

a historical data to explore the possible relationships between clients design needs and 

requirements which achieve their satisfaction and the construction cost of projects.                  

 

 

4.7 Research area 

The research was refined from construction management and economics as the broad 

subject towards the financial management of construction projects, which is considered 

as one of the most important factors in the construction project success. Then the whole 

life cycle costs of construction projects were chosen to be investigated because of their 

richness and importance. This was then narrowed down to explore the construction cost 

figures estimated at early stages of a construction project’s life cycle, to develop a 

regression function-based model for construction cost prediction for UK school 

projects. The flow of narrowing the research area to the final research outcome is 

illustrated in Figure 4.3. 
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Many areas within the construction management discipline were investigated to catch 

and develop the final research result. The ideas, process, functions and principles of a 

briefing stage of construction projects generally and school projects specifically were 

explored. In addition, construction cost estimation methods and techniques for early 

stages of construction projects life cycle generally and school projects specifically were 

investigated. Further, the various techniques used at the briefing stage to achieve its 

functions such as value management and quality function deployment were studied. 

This piece of research could not have been conducted without investigating and carrying 

out the above stated areas and means. 

 

 

 

 

Figure 4.3 Narrowing down research area 

 

 

4.8 Research aim and objectives 

The research aim is to develop a function-based cost model for new-build school 

projects which can predict the construction cost at the very early stage (briefing stage) 

of the project life cycle. The main variables included in the proposed model are the 

main functions of school projects established by the various design and engineering 

requirements obtained from the different design and briefing guides for new build 

schools and different briefing techniques such as VM and QFD. The proposed model 
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will not only determine the probable cost of the project at this early stage, but also 

provide the user with the confidence that this cost figure would meet the client’s 

requirements. The objectives undertaken to achieve this aim were as follows: 

 

1- Explore the current cost estimating models and methods used at the conceptual stage 

of construction projects generally and school projects particularly by exploring the 

techniques used, variables involved, their limitations and advantages. This was 

conducted by reviewing research publications, text books, reports and guidelines. 

 

2- Investigate the functions, ideas, principles, people involved and techniques used of 

the briefing stage (early project stage) for construction projects generally and school 

projects specifically. This was carried out by methods similar to those stated in the 

previous objective. 

  

3- Determine and extract the various design and engineering needs and requirements 

sought by the new-build school projects’ clients. This was achieved by investigating 

the various published design and briefing guidelines and techniques used at briefing 

stage such as quality design indicators for schools. 

 

4- Exploring the current practices of briefing, designing and costing new build school 

projects. Further, exploring the application of the various briefing techniques such 

as VM and QFD. This objective was undertaken by conducting interviews 

(qualitative study) with school clients who are the various UK local authorities. 

   

5- Distil and confirm the prioritised design needs and requirements sought by UK 

school clients at the briefing stage of the school project life cycle. A quantitative 

questionnaire was sent to the various UK local authorities to achieve this objective. 

 

6- Construct and develop a computerised function-based construction cost model for 

new build school projects. The main variables of this model were the various design 

and engineering requirements of school clients for new build schools. This was 

carried out by a quantitative questionnaire sent to the various UK schools head 

teachers. 
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4.9 Research process 

The research process might be defined as the various steps, deeds and functions adopted 

to achieve the aim and objectives of the conducted research. Science Engineering 

Research Council suggested specific framework for the research process in construction 

management presented in Figure 4.4 (Fellows & Liu, 2005). 

 

These processes presented are general and could be employed and adopted for almost 

every research work and especially in the construction management disciplines. Each 

research study employs specific processes selected to fit the research aim and 

objectives, its types and sources of data and its research methods. It is not always the 

situation that the intended research goals are approached and achieved, which might be 

considered as negative results. However, even negative outcomes could be considered 

as useful results from which research community might benefit leading to the 

attainment of positive results through the use of different methodologies as knowledge 

is considered as a cumulative process.       
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Figure 4.4 Construction management research process suggested by SERC (Source: Fellows & Liu, 2005)  
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4.10   Research design 

Research design is achieved by adopting a specific research process to attain the main 

aim and objectives of the research. A framework of the research process should be 

employed to guarantee approaching the final product (thesis). Figure 4.5 presents the 

steps of the research designed to fulfil the requirements of producing the thesis. The 

framework commences with a literature review to find out a gap to be investigated 

which is the lack of accuracy and application of current cost estimation methods in 

expressing clients’ needs for new build construction projects. This step was followed 

again by an extensive literature review to develop the theoretical principles, ideas and 

process for briefing, designing, procuring and costing construction projects generally 

and school projects especially. It is also used to identify the whole design requirements 

believed to be asked by clients of school projects for new build schools. The lack of 

published information about the current practices of briefing, designing and costing 

school projects in UK established the need for conducting explanatory qualitative 

interviews with the experts working in the briefing, designing and costing of new build 

schools, to form the real picture of what is going on this sector. After that, two 

quantitative questionnaires were employed, firstly to explore the most important design 

and engineering requirements which the school clients ask for their projects, and 

secondly to determine the level of achievement to which existing UK schools perform. 

The modelling process was then established to develop a function-based cost model for 

estimating the cost of new build schools at the early stages of a project life cycle. 

Finally, internal reliability and statistical tests of the final shape of the proposed model 

were carried out 
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Figure 4.5 The design of this research 
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4.11   Literature review 

A literature review is the step that provides the researcher with a comprehensive grasp 

and understanding of existing knowledge by which the researcher becomes capable of 

adding an original contribution to knowledge in their research area (Naoum, 1998). 

Establishing the rigid background and detailed knowledge of the explored subject is 

accomplished by locating, reading, criticising and evaluating reports of research in 

addition to reports of casual observation and opinion related to the subject (Borg and 

Gall, 1989) to establish the status qua, formulate a research enquiry and compare the 

findings and ideas with others (Bruce, 1994). 

 

Reviewing the literature is a continuing process from the commencement of the PhD 

project till the time of submitting the thesis. At the beginning, the main aim of the 

literature review is to build a rigid background and develop the knowledge required to 

tackle the subject and lead the research to the next step. For this research, the main 

objectives of reviewing the literature were investigating the briefing stage of the project 

life cycle in terms of its functions, ideas, principles, people involved and techniques 

used for construction projects generally and school projects specifically, exploring the 

cost models used at the conceptual stage to predict the costs of construction projects 

generally and school projects especially by exploring the techniques used, variables 

involved, limitations and advantages, and determining and extracting the various design 

and engineering needs and requirements which the clients ask for new build school 

projects which are stated in the different design and briefing documents and guidelines. 

Many textbooks, journals, magazines, reports, guidelines, theses and conferences’ 

papers were reviewed. In fact, a survey of eight important construction management 

related journals was carried out for periods ranging from three to 13 years or even more 

for exploring the papers published in briefing and costing construction projects. These 

journals are Construction Management and Economics Journal, Engineering 

Construction and Architectural Management Journal, International Journal of Project 

Management, ASCE Journal of Management in Engineering, Journal of Financial 

Management of Property and Construction, ASCE Journal of Construction Engineering 

and Management, Facilities Journal and Building Research and Information Journal. 

Three main aspects were covered by this survey, which were the briefing stage of 

construction projects life cycle, costing construction projects and the application of 

value and risk management. The total number of papers published in the eight journals 
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was 5463 papers which only 193, 57 and 102

projects, briefing stage of construction projects and application of value and risk 

managements themes, respectively. Figure 4.6 show

addressing the previous themes in the mentioned journals for each year.

 

 

 

Figure 4.6 Cost, brief stage, VM and RM topics in construction management journals
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was 5463 papers which only 193, 57 and 102 papers addressed costing construction 

projects, briefing stage of construction projects and application of value and risk 

managements themes, respectively. Figure 4.6 shows the number of published papers 

addressing the previous themes in the mentioned journals for each year.

Figure 4.6 Cost, brief stage, VM and RM topics in construction management journals
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projects, briefing stage of construction projects and application of value and risk 

s the number of published papers 

addressing the previous themes in the mentioned journals for each year. 
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4.12   Research methods used (Data collection and analysis approaches) 

As discussed previously, the research problem, question and objectives determine the 

optimal research method employed to solve and answer the dilemma. Mixed methods 

consider the possibility of using whatever method and paradigm achieve the sought 

goals. As a result, both qualitative and quantitative methods were adopted together in 

the attempt to enhance the understanding of the problem and achieving the research aim 

which is building and developing a function based cost model to estimate the cost of 

new build schools at the early stages of a project life cycle. The integration of both 

quantitative and qualitative research methods happened when the qualitative interviews 

were employed as explanatory study to discuss the current practices of costing, writing 

a brief and procuring new build school projects in addition to exploring the different 

techniques used at the briefing stage. In addition, quantitative questionnaires were used 

to discover the existence and relative importance of the various stated design needs as 

requirements the schools clients ask for their new build school projects, and to explore 

the level of achievement which UK schools reach for the various design and 

engineering requirements to be used as the basis to build the proposed cost model as 

discussed in later chapters. The qualitative and quantitative methods of data collection 

for this research were organised to suit the research aim and objectives. 

 

 

4.12.1 Data collection and analysis for the qualitative method 

The qualitative interviews are considered as the first data collection means for this 

research through which an explanatory study about the current practices of briefing, 

designing, costing and procuring schools is established. In depth semi-structured face to 

face interviews were adopted as a good tool for collecting rich and valuable qualitative 

data by which further understanding can be gained through narrative accounts (Punch, 

2000 and Green, 1999). The interview is a means which gives the researcher the 

opportunity to probe various issues and to raise queries following the guidelines 

articulated in the interview guide. 

 

For this research, ten interviews were conducted with experts in briefing, designing and 

costing new build school projects in which two of them were used as a pilot study in an 

attempt to enhance and develop the interview guide design and refine allocate the 

proposed sample, as the sample of qualitative interviews is typically small and should 
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not be random. The interviewees were asked before conducting the interviews about 

their work and experience in briefing, costing and procuring new-build school projects 

to determine the extent to which they are suitable to take part in the interview session. 

The interviews were conducted to explore the current practices and what is going on in 

real life in briefing, designing and budgeting new build school projects. The interviews 

lasted between an hour and hour and half. They were planned to give the interviewees 

the freedom to express their ideas, feelings, beliefs and opinions on the current situation 

of briefing, designing and budgeting new build school projects undertaken by their 

councils (Local Authorities). Digital voice recording was used throughout all the 

interview sessions and each interview was then transcribed verbatim. 

 

The interview guide included a number of basic questions, which were built to direct the 

conversation without interfering with the spontaneous flow of the interview. The 

research question and the different themes identified in the literature review were the 

main key points in forming the interview’s questions. The main objectives of 

interviews’ schema were to cover the various principles and the process undergone for 

briefing, designing, budgeting and costing new build school projects. Further, the 

emergence of new questions and combinations among the other questions were 

established within the whole interview process to enable the researcher to achieve a 

better understanding of certain aspects of issues of the subject investigated. 

 

For data analysis, as there were so many themes and issues to be addressed and as the 

interview was formed by open-ended questions, the optimal way for analysing the 

research qualitative collected data was believed to be by summarizing, editing, 

interpretation and coding the interviews transcripts. This helped to develop the initial 

codes template to the final codes template and discovering the unforeseen themes and 

directions for the research. 

 

Chapter 5 of this thesis presents details on the qualitative data collection undertaken to 

investigate the current practices of briefing, designing and budgeting new build school 

projects.  
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4.12.2 Data collection and analysis for the quantitative method 

As mentioned previously, various tools and methods are available to be employed for 

data collection in quantitative research. For the current research, firstly, a nationwide 

online questionnaire survey was conducted to determine and confirm the importance 

ranking of the various design and engineering requirements which the school clients ask 

for their new build school projects. In the other words, the main aim of this 

questionnaire was to establish the prioritised design and engineering requirements for 

clients of UK school projects. In addition, it confirmed the different literature review 

documents, such as governmental design guidelines and regulations, utilised to write the 

brief for those school projects (as discussed in chapter 6). The first questionnaire was 

sent to 400 external architectural consultants and 200 council representatives believed to 

be involved in writing the brief for and designing new build school projects in UK. It 

was later followed by another nationwide online and postal questionnaire survey by 

which the level of performance of the various stated design and engineering variables is 

achieved by the different existing UK school from the schools clients’ perceptions. The 

main aim of the questionnaire was using the level of achievement of the various design 

variables to predict the construction cost of the new build school projects at early stages 

of the project life cycle. The questionnaire was sent to 300 UK school head teachers. 

 

Since most surveys seeking opinions in construction management are undertaken by 

postal questionnaire (Holt & Faniran, 2000), and because of the limited time scale and 

resources, both online and postal questionnaire was employed for the surveys in this 

research. Nachmias & Nachmias (1996) state that low cost, wide geographical coverage 

and reduced bias error in which there is no relationship between the researcher and the 

respondents are some advantages of a nationwide questionnaire generally and online 

questionnaires specifically. 

 

By analysing the first and second questionnaires, the response rates achieved were 

25.17 and 25 percent, respectively.  

In summary, the two previous questionnaires were undertaken to answer two main 

questions. The first question was: What are the most important design and engineering 

requirements requested by the clients of UK school projects at the briefing stage? The 

second question answers the question: To what extent or to what level of performance 

were the previously stated design and engineering requirements achieved by the existing 

UK schools. These performance outcomes were later included in the proposed cost 
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model as predictors of the construction cost of new-build school projects (as discussed 

in Chapter 7). 

 

To obtain the results of the conducted questionnaires, the research employed a 

computerised data analysis process in the form of the SPSS software package in order to 

help in analysing the data. In order to organise the large body of data in a systematic and 

reliable way to achieve the objectives of the questionnaires, accurate analysis methods 

were required. For the first questionnaire, descriptive analysis, inferential analysis such 

as (Paired t-test and ANOVA (Analysis of Variance) analyses) and factor analysis were 

used to achieve the main objectives of the questionnaire. These objectives were to 

determine the level of importance of the various stated design and engineering 

requirements from the clients’ perceptions and to reduce the number of variables to be 

included in the following survey. Descriptive analysis provides an estimation of central 

tendency, a spread of scores of variables and a plot of the distribution displayed by a 

sample. Inferential statistics were utilized to explore the difference among the different 

groups and measure differences in the distribution among the various variables (Pallant, 

2005 and Tabachnick & Fidell, 2001). Factor analysis was also applied in an attempt to 

reduce the number of variables relying on clustering them under different general 

factors. It depends on the variables’ variances, correlations and the extent to which they 

express the total data variance. In addition, descriptive analysis and correlation analyses 

such as multiple regression analysis and Pearson product-moment correlation 

coefficient analysis were used to achieve the main sought functions of the second 

questionnaire. These functions were determining the level of importance of the stated 

design variables from the respondents’ points of view by using descriptive analysis, 

exploring the level of performance of the previous variables which UK existing schools 

achieve by using descriptive analysis, and finally building and developing a function 

based cost model to estimate the construction cost of new-build school projects at the 

early stages of the project life cycle by employing multiple regression analysis. All 

these issues are thoroughly discussed in Chapter 7. 

 

4.13   Model development, testing and validation 

As the early cost and budget estimation of the construction project forms a main part of 

the initial decision to go and since the cost estimation model and method should employ 

the whole of and only the information available at the stage in which it is used, the 



Chapter 4: Methodology 

 

146 

 

research aims to develop a function-based cost model for predicting the construction 

cost figure for new-build school projects at the briefing stage of the project life-cycle. 

The model intends to enable the client team to predict the construction cost relying only 

on the information available in the briefing stage. This information is believed to be the 

various design and engineering requirements which the clients ask at the briefing stage, 

in addition to basic information about the project such as project’s area and number of 

floors, which are believed to be available at the same stage. The cost figure produced 

would express the various design needs and requirements of the client and provide them 

with the confidence in their decision to go for their project. 

 

 

 

  

Figure 4.7 The proposed cost model 

 

 

 

Figure 4.7 gives a general and brief idea about the inputs and outputs of the proposed 

model. However, the elaborate discussion about developing and evaluating the cost 

model are presented in Chapter 7.  

 

Further, each research built model or results should be validated to determine how good 

they are, supported by research for a given problem. Validation is the process of testing 

the model’s reliability and accuracy, which is an important part of a model 

development. Several types and methods were explained and stated in the literature for 

confirming, testing and validating the research results. Feedback is considered as having 
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an important role of validating which respondents or informants are considered the best 

instruments to comment effectively on the finding of the research as they act as the 

main repository of the relevant knowledge (Krueger, 1994). In addition, the research 

work should be objective, which means the results should rely on the conditions of 

enquiry rather than the enquirer. So the whole applied methods, procedures, data 

collection, data analyses and the conclusions should be explicitly presented, described 

and linked with each other so that the research can be replicated easily by others 

(Ahadzi, 2004). Further, Punch (2000) states that it is important to achieve reliability, 

which relates to the consistency in the study process, assures relevance between the 

research design and studied questions and checks for the quality of data against biases. 

For quantitative research, Punch mentions that the test-retest method, in which the same 

sample is tested over two different periods, measures the external reliability of a 

measuring instrument, and the spilt-half approach, in which the sample in the same 

survey is split into two halves, is utilised to measure the internal reliability of the 

measuring instrument (Fellows & Liu, 2005). Internal and external validity are also two 

ways to achieve the validity of the research results (Yin, 2003). Internal validity refers 

to the extent to which the findings make sense. It refers to the extent to which the right 

cause and effect relationships have been established, while, external validity refers to 

the extent to which the research findings can be generalised beyond the research 

conditions (Amaratunga et al., 2002). For quantitative research, external validity can be 

achieved by adopting an appropriate sampling (Punch, 2000). 

 

For this research, the construction cost model was tested using data for nine school 

building projects that were not used in the development of the original model. This 

approach is considered to be a very good way of testing and examining the cost 

estimating models to be used by the various practitioners. It has been used by different 

researchers (Al-Sharif, 2007; Elhag & Boussabiane, 1999). In addition, internal 

consistency was used to study the reliability of the measuring instruments used. The 

limited resources in terms of money and time prevented the researcher from validating 

the model by getting feedback from experts. As the developed cost model is intended to 

be utilised by the client’s team, it was difficult for individuals to evaluate the cost model 

without the contribution of the rest of the client teams.          
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4.14   Summary 

This chapter has explored and discussed the themes, principles and procedures of the 

different research methods and methodologies. It also covered the different 

methodologies and strategies which have been adopted in this research. Since the 

research questions and objectives are the main drivers for choosing the most suitable 

research method, a mixture of quantitative and qualitative research approaches were 

selected to be the most appropriate methods to achieve and answer the research 

objectives and questions. The qualitative method was employed in form of explanatory 

semi-structured interviews to develop the whole picture of the current practices of 

briefing, designing, costing and budgeting new-build school projects. Further, surveys 

in the form of questionnaire were selected for the quantitative part of data collection. 

The chapter also presented a brief explanation of the modelling process. The methods 

used to administer the conducted surveys and interviews were also presented.   
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Chapter 5: Exploration of current practice in briefing, 

designing and costing new-build school projects 

 

 

 

5.1.   Introduction 

This chapter presents the analysis of qualitative data collected from several Scottish 

local authorities. The main objective of this data collection was to explore the current 

real life practices of briefing and designing new build councils’ school buildings. The 

interviews were conducted to explore and expand the information extracted from the 

literature review of the current practices in briefing, designing, procuring and setting the 

budget for the new council school buildings (Chapter 2). The lack of published 

information exploring these principles for school projects established the need for 

conducting these interviews. Eight experts in writing a brief, designing and managing 

new-build school projects were interviewed from six Scottish Councils over eight 

months. Further, another two interviewees were also interviewed as a pilot study for the 

interview scheme.  

 

The interviews are presented in terms of the data collection, subsequent analysis and the 

initial results of the research. These interviews capture the current practice relating to 

writing the brief for councils’ school projects, the considerations in designing new 

schools projects, and the determination of the different techniques employed at the 

briefing stage to extract functional requirements for particular projects. The processes of 

procurement and budget setting were also examined. 

 

 

5.2.   The interview survey   

Scottish councils who are considered as the clients of Scottish new-build school projects 

were interviewed for this phase of the study. 

 

 

5.2.1.   Objectives of the interview survey 

This survey aimed mainly to identify, explore and examine the various practices, 

techniques and principles applied at the briefing stage of new build school buildings. In 
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addition, determination of the stakeholders involved at the briefing stage was explored. 

Investigating the different design issues for new school buildings was also a part of the 

survey. The possibility of and evidence for applying value management and quality 

function deployments was also examined. In addition, the survey explored procurement 

schemes used for building new school projects. Finally, the different techniques and 

methods applied for setting the budget and estimating the cost of new build school 

projects were also investigated.     

  

 

5.2.2.   Interviews 

Interviews are believed to be the best method for collecting qualitative data, superior to 

participant observation and questionnaires in terms of flexibility, applicability and 

producing an in depth study (King, 1994). Moreover, Fellows and Liu (2005) have 

stressed that for in depth knowledge the questionnaire is not the best method to be 

applied in collecting this type of information. Besides, interviews do not simplify the 

subject matter, but instead explain it in comprehensive way in, terms of discovering 

some of its hidden complexity and richness (Rubin and Rubin, 2005). Because of the 

lack of information about briefing and budgeting new-build school projects (see 

Literature Review, chapter 2) an in-depth exploration was determined to investigate 

those areas. And so it was decided that the best way to conduct the research and 

discover the real life practices and opinions was through interviews. 

 

 In collecting the qualitative data, participants were invited to take part in interviews: a 

full description of the process of selecting them will be addressed later in this chapter. 

Three main types of interviews are structured, semi-structured and unstructured 

interviews (Fellows and Liu 2005 and King, 1998). The structured interview goes with 

data of a quantitative nature, in which the researcher seeks specific and determined 

information about specific subjects. However, semi-structured and unstructured 

interviews are considered as qualitative research interviews. The semi-structured 

interview covers several themes and fairly specific topics in an interview guide, while, 

the unstructured interview could be used for one question topic or several topics without 

questions or an interview guide. In an unstructured interview, the researcher may use a 

brief set of prompts as an aide memoir, to deal with a certain range of topics. The 

qualitative interview is a good tool for researchers seeking depth and comprehensive 

information about real life. And so a semi-structured qualitative interview method was 
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chosen, as it is seen as powerful tool for capturing rich and valuable data (Punch, 2000). 

The interviews for the study were conducted with an open-ended questions structure to 

maximize the depth and richness of the collected data. A list of questions, presented in 

Appendix A, was prepared to ensure that the discussions with interviewees remained 

centered around the key areas of briefing, designing, costing and budgeting new-build 

school projects. 

 

The interviews lasted between an hour and hour and half. They were planned to give the 

interviewees the freedom to express their ideas, feeling, beliefs and opinions on 

briefing, design and budgeting of new-build school projects undertaken by their 

councils (Local Authorities). They were encouraged to be open, by reassurance that 

discussions would remain confidential, in accordance with university research ethics.  

As a result, the interviewees were willing and generous in giving detailed information 

about real practice in briefing, designing and budgeting of school projects. Digital voice 

recording was used throughout all of the interview sessions. The recorded data were 

then transcribed verbatim. King (1998) stated that it takes three working days to 

transcribe an hour of interview. As the first language of the researcher is not English, 

the researcher took around 6 working days for each interview to be transcribed 

accurately and precisely to make sure the information could be used confidently and 

avoiding data bias. And so for ten interviews, the researcher spent 60 working days. 

And this gives idea about the enormous effort expended in ensuring an accurate picture 

of actual practice in briefing, designing, costing and budgeting new- build school 

projects was extracted.     

 

 

5.2.3.   Developing the questions 

The design of questions is one of the most important factors of survey success. The 

questions in these interviews were built on information extracted through the literature 

review relating to briefing, designing and budgeting of new-build school projects 

(Chapter 2). The series of questions had to be designed in a way that enabled the 

interviewer to control the conversation and to ensure that the research ideas discussed 

would be thoroughly examined. The objectives of these questions were to encourage the 

various Scottish council representatives to discuss and talk about their experience, ideas, 

point of views and understanding of briefing, designing, costing and budgeting new-

build councils’ school projects. A series of questions, props and adding up points were 
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also employed when new ideas and sudden thoughts emerged. Several techniques which 

help create a successful qualitative interview were applied, such as using open-ended 

questions, starting and ending with easy questions, avoiding directed questions and 

keeping away from complex questions (King, 1998). These techniques reflected the 

good practice features of approaches to qualitative data collection (Punch, 2000). Using 

open-ended questions helped the interviewees to expand and elaborate the different 

ideas. 

 

Two interviews were conducted as a pilot study for this qualitative interview. The pilot 

study considered the design of questions, the question wording, the duration of the 

interview and the suitability of the sample rather than the question contents themselves. 

A management expert who has good experience with school projects and an external 

value management expert were interviewed for this purpose. A few changes of the 

design and arrangement of questions were made. Contact details of a council expert 

were also obtained as a result of this pilot study.   

 

 

5.2.4.   Selection of the interviewees 

Selection of the interviewees and forming the sample is considered as another extremely 

important platform of survey success. Forming the sample is considered even more 

important than designing the survey itself. A wrong sample produces biased data which 

affects the research negatively (King, 1998). Choosing the interviewees in qualitative 

interviews in order to make the data useful and applicable to be generalized is hugely 

different from choosing interviewees in a survey research (quantitative research). While 

survey research is suitable when numbers of yes or no questions are to be made, the 

qualitative interviews are used when a broader and wider statement about responses 

which are more complex than categorical responses such as yes or no, agree or disagree 

is sought. 

 

The nature of the research under investigation is the sole tool for defining the right 

sample. As the intended information sought from the interviews was establishing the 

real picture of briefing, designing, costing and budgeting UK councils’ new build 

school projects from the school clients’ (Local Authorities’) perspectives- what is really 

going on there in the real life- experts from the various UK councils involved in 

briefing, designing and budgeting new-build school projects formed the sample 
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respondents. However, as seen later, only respondents from the Scottish councils were 

willing to share their knowledge, so the interviewees expressed their opinions and 

experiences about the current practices for briefing, designing and budgeting of the 

Scottish new-build school projects only.   

 

Two ways were used to identify and recruit the respondents. The first method was 

sending an email to the various UK councils seeking the best person to contact (the 

email is in Appendix A). The second method was by adding a question in the interview 

asking the interviewees for links to other councils’ experts involved in school projects. 

The email was sent to thirty two Scottish councils and ten English councils. Although a 

lot of a time and effort were consumed to contact as many council representatives and 

experts as possible, and several tries of resending the request email, only 8 interviews 

from six councils were done. Moreover, it took eleven months to conduct these 8 

interviews commencing March 2007 to January 2008. Several reasons for the low 

responses and long time spent conducting these interviews were pointed out. The sought 

respondents fulfill high positions in their councils which make them too busy to take 

part in a one hour interview. Furthermore, the nature of the interview’s questions was 

considered by some of them as confidential, and could not be given even for research 

purposes. As part of the nature of people generally, a number of them, also, do not like 

to take part in any research work. In addition, a number of respondents gave the 

opportunity for the researcher to meet, but only after 3 months or more, as they were so 

busy at the time of initial contact. Furthermore, the interviewees had the ability to 

choose the time and place of the interviews, and so the interviewer had to travel for long 

distances to meet the interviewees. Because this data collection stage was considered as 

a threshold for the whole research, the researcher was obligated to finish it before going 

on to the next stage of the research. These factors affect the research and cost the 

researcher a lot of effort and time to achieve the required objectives. 

 

The intention of the interview session was covering a geographical spread of Scotland 

and England. However, all the interviews were conducted in Scottish councils and none 

of the English councils responded to the interviewer’s request. As result, the main aim 

of the interview section converted from drawing a real life picture of the UK councils 

overall in constructing new-build school projects into only the Scottish councils. The 

good thing is that the interviews were distributed over six Scottish councils which range 

from large urban councils such as Glasgow and Stirling, to small councils such as East 
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Lothian. Table 5.1 shows the interviewees, the distribution of the respondent councils, 

and the positions that the respondents fulfill. 

 

Table 5.1 shows that the interviews were conducted with experts who fulfill different 

positions within the councils. The main aim of this variation was to explore the main 

ideas of the research themes from different perspectives. This variation helps to provide 

data which can be generalised and prevent personal bias. 

 

 
 
 

The pilot interviews 

Interviewee Council Name Fulfilled Position 

1)JK External Expert Value Managers 

2)MG External Expert Management Consultant 

The research interviews 

1) BG Stirling Council PPP Project Manager 

2)JH Aberdeen Council Senior Architect  

3)DS External Expert Project Manager 

4)SR Perth and Kinross Council Project Manager 

5)HN Midlothian Council Quantity Surveyor 

6)IM Glasgow Council Project Manager 

7)GC Glasgow Council Education Manager 

8)AF East Lothian Council Quantity Surveyor 
Table 5.1 The interviews conducted in this research 

 

 

5.2.5.   Data interpreting and coding for the interviews 

The interviews interpretation and coding is the second phase of the data analysis after 

the interviews transcripts are done. The main aim of coding the interviews is to move 

from the raw interviews into evidence-based interpretations to explain, discover, refine 

and enhance the research concepts and themes (Rubin and Rubin 2005 and King, 1998). 

 

King (1998) describes three qualitative data analysis methods, which are content 

analysis, template analysis and grounded theory. Content analysis relies on 

predetermined themes and codes, and it has a statistical nature. However, grounded 

theory depends on nothing predetermined and considers the interviews as tools to 

extract the different research themes and codes. Template analysis lies between the 

previous two methods, when an initial research codes and themes are determined before 

conducting the interviews. As the objectives of the interviews were determining and 

discovering what is really happening for budgeting, briefing, costing and designing new 
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build school projects at early stages of project life cycle, and as the interview consisted 

of open-ended questions for determined research themes and ideas, and as the main 

research themes were determined at the literature review level, the optimal way decided 

on for analyzing the research qualitative collected data was by summarizing, editing, 

interpretation and coding the interviews transcripts. This helped to develop the initial 

code template into the final code template and discovering any unforeseen themes and 

directions for the research. 

 

For discovering what really happens at early stages of new build school projects, several 

themes were pointed out by the researcher to be examined. Budgeting, writing a brief, 

designing and estimating the cost of new build school projects are considered as the 

highest level codes of the research. Some of these codes had sub-codes for a lower 

level. The main themes of the research were determined at the literature review stage. 

The coding template for the research is presented in Figure 5.1. 

 

 

5.2.6.   Data analysis for the interviews 

The interviews addressed the actual understanding of the briefing stage of the school 

projects life-cycle by those experts who were involved as project managers, educational 

managers or quantity surveyors in Scottish local authorities. The interviewees addressed 

their actual understanding of what is going on at the briefing stage of new- build school 

projects life cycle. In addition, they specified the documents which they use to write the 

brief and transfer it to a design, the people involved and the techniques used. 

Furthermore, they explained the different cost estimation models used at early stages 

with their advantages and disadvantages and the procurement processes used. 

 

Five main features were explored in the data. Each of these features is presented 

separately in the following section. 
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Figure 5.1 The main issues of the interviews 

 

 

TThhee  rreeaall  lliiffee  bbrriieeffiinngg  ssttaaggee  ooff  nneeww--bbuuiilldd  sscchhooooll  pprroojjeeccttss  lliiffee--ccyyccllee    

 

A.  Budgeting new build school projects 

Several ways of getting the money to build new schools projects were mentioned by the 

interviewees. These included obtaining funds from the Scottish government and its 

representative Scottish executive, borrowing money, councils’ money, selling lands and 
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developers contributions as the main sources of finance to build new school buildings, 

as shown in Figure 5.2.  

 

 

     Figure 5.2 The different sources of money for budgeting councils’ new-build schools 

 

 

“The councils will probably depend on the money they have plus 

the money they save plus the money they can get from the 

government. So they have three sources what they can put by 

themselves, what they can save by using these methods and what 

the government would put in” (Interview 3) 

 

The first and major source of money for most Scottish councils to build new schools or 

enhance existing schools is the Scottish Executive. A number of Scottish councils ask 

for funds from the SE in a back and forth operation. They ask for a specific amount of 

money according to their stated management plan and outline business case, but the SE 

gives them what it thinks affordable and so the councils manage their plan according to 

their priority areas and this amount of money. As result, the council either reduces the 

number of schools they were going to build or enhance, amalgamate some of them or 

use the other stated sources of funding.  

 

“So Scottish Executive invited bids funds so all the councils had 

written in and applied to the Scottish Executive for all their 

projects and in our case, Scottish Executive, we put together a 

The sources 
of money for 

budgeting 
projects

Scottish 
government

Council’s 
money 

(Council tax)

Selling lands
Developers’ 
contribution

Borrowing 
money
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financial model of a project saying how much we thought it 

costs, and on that basis asked for money. Scottish Executive 

written back and said you ask for money, I can’t remember, I 

think we asked for 5.6 million pounds per year and then they 

write back to say you can have 4.3 million pounds a year, so we 

have to go back to a project look at the scope of it, decide what 

we can offer then go back to Scottish Executive and say, well if 

you have given us 4.3 million pounds then this is the scope of our 

project”(Interview 1) 

 

However, when the councils get the funds from the SE, they are obliged to work in the 

way that SE has asked them to work with, which is Private Public Partnership (PPP & 

PFI). Some of the councils prefer this way of working and others do not. Some of them 

prefer SE to give them the money and let them work in their own ways. The councils, 

after getting the funds, have to develop the outline business case document into a final 

business case by consulting the stakeholders such as the educational and technical 

bodies. The councils have to follow a stage review process in which they should inform 

the SE several times about their situation with the funds. The council should report to 

the SE when they demonstrate what they are going to do with the fund, and how they 

are going through bidders, and their final negotiated figures.  

 

“They do not just say off we go and tell us when we need the 

money they ask you to come back and demonstrate what you are 

going through- bidder comparative tendering process- and that 

your final negotiated figures are robust and secure” (Interview 

2) 

 

Further, it seems that the SE gives money to the councils to build new schools or 

enhance the level of existing schools to achieve 21 century standards. Interviewees 

claimed that the SE doesn’t give money relying on a good proposal; it gives money 

depending on turn. The SE puts restrictions on borrowing money in front of the councils 

to oblige them to work in its way. SE restrains borrowing because it does not trust the 

councils. A number of interviewees stated that SE gives only money for special needs 

schools or surviving buildings.   
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“SE determined that it wasn’t our turn. Because essentially at 

the beginning we thought there was such a thing, that you put in 

a very, very good proposal and you got a better chance of getting 

something than someone who put in a fairly shoddy piece of 

work. But we are not entirely convinced of that anymore” 

(Interview 4) 

 

And so if the councils do not get or do not want to get money from the SE because they 

do not want to work in its way, they rely on borrowing money, the council’s own 

money (the council tax), selling lands or developers’ contributions as funding to build 

new schools in their areas. Some of the councils do not have lands to sell and others do 

not have developed houses in their area, and so every council tries to get funds by the 

way that is most suitable for them.  

 

 

B.  The briefing stage of the school project life-cycle 

Several points about the briefing stage were discussed during the interviews as follows. 

 

 

B1.  Brief document contents and people involved 

For writing the brief of new-build school projects, the interviewees declared that for the 

councils who get funds from the SE, the school brief for all schools of the stated 

management plan is written in the business case. It is a combination between SE 

regulations and policy frameworks and what the council wants from those schools as 

their critical objectives. The council states their requirements such as the required 

spaces, new accommodation, sport accommodation, community use spaces, enhancing 

social spaces, flexible learning spaces and so on. The business case includes the 

councils’ requirements, needs and plan for short and long terms for the range of 

required schools and the accompanied costs. These requirements are related to the 

required accommodation for each school (total gross area) and quality required. They 

state them in the business case and also in the tender document. 

    

“So every council had to create what we called an estate 

management plan for all the schools, so that was the policies 

context from the Scottish Executive. Council sets its own 
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objectives for the projects in terms of what has been critical, that 

was for example that we knew some of the faults and weaknesses 

within our own schools and write it in to our schools brief” 

(Interview1) 

 

“You need the client’s needs to be able to find what he wants and 

probably the key most important things are quantity and quality 

so how much through area you are going to build and what is the 

quality of the specifications you are looking for” (Interview 1)  

 

“The outline business case includes introduction- just visions, 

values, objectives, methodology, key drivers – well key drivers 

for change. Budget assessment of the needs of the key drivers for 

change, options appraisals which have been run. Where we’re 

building them, why we’re building them, what type of thing we’re 

building, the evaluation process, value for money, affordability, 

procurement process how we’re going about it. How we are 

realising the corporate objectives and strategies that are behind 

it. Payment methods, I mean there’s a couple of appendices 

what’s the school capacity and that sort of thing. And there’s 

financial projections based on public sector comparators” 

(Interview 4) 

 

The business case contains what the councils need in terms of the output rather than 

detailed design issues. It tells the designer what the councils require but does not tell 

them how to do it. The councils do not put in detailed requirements, but only what they 

would like to achieve within the school to increase value for money. 

 

“The only thing is because of PPP and obviously value for 

money, you obviously can’t be too prescriptive. You’ve got to put 

the ideas you want, the outcomes you look for. You can indicate 

but you have a full sort of output spec; this is what I require from 

it, how are you going to deliver this for me? And you can put the 

other one in- I demand you can put quality issues in, you can put 

design, general sort of things” (Interview 4). 
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On other hand, the councils who do not get funding from the SE and so work with other 

types of procurement, apart from PPP, write a brief document contains also the whole 

accommodation requirements, their quality and the future school requirements. 

However, in local government, few of the council departments are able to produce a 

good brief. They give more or less areas requirements and planning issues as a brief for 

the designer. Other requirements such as sustainability and accessibility are not written 

in, but they are embedded. As result, the departments come along after the design and 

change it because they do not like it. Education departments ask for areas and spaces 

for new schools. It is the mission of the design team to tease them to get information 

before costing things. The more projects the councils work with, the more experienced 

and mature they become. The councils develop the experience to know what they need 

from their schools at early stages. 

 

“we have an accommodation schedule that we put together and 

that is basically the needs based on the school roll, the future 

school roll, the number of classrooms, trying to take in the 

change of class size, say, that is going on just now, trying to 

make sure that there are certain key things obviously you have 

within schools” (Interview 6) 

 

“So it is, like, unwritten that you have got to have sustainable 

stuff, you have got to have access for the disabled. They left us to 

decide the functionality of a lot of things but then it's been some 

people who actually do not like that, so I swap these over and 

could you move that there” (Interview 3) 

 

“The old schools cope well for what they were, but they’re simply 

not designed for the government, etc. demand of them now” 

(Interview 4) 

 

And so, generally the brief document should include the whole school client 

requirements in terms of required spaces, and the whole information about 

environments, sustainability, accessibility, safety, inclusion, community and other 

things to make sure that their schools are the future schools. 
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The interviewees also stated that the brief is written relying on number of governmental 

documents for building school for future. Those documents express the functionality of 

the school projects and some design issues in some detail. 

 

“The government has brought in a number of standard 

documents for briefing councils, just how to do their schools 

estate, they brought a number of documents which tell them how 

to assess their existing estate. The brief includes the functionality 

issues and in some detail designing issues” (Interview 3) 

 

“The government has produced the whole series of documents 

and how to procure schools and take some stage by stage 

through briefing process and also for any PFI, PPP projects” 

(Interview 2) 

 

Another issue, on which all the interviewees agreed, is the people who are involved in 

writing the brief. They stated the educational department of the council as the main 

source of accommodation requirements. They also mentioned educational staff and 

school users such as head teachers, teachers and schools staff as the real people who 

write the brief by giving the education department their feedback. In addition, technical 

advisors, external technical experts and other service advisors are responsible for 

providing the brief document with the other quality and design requirements. 

 

“We have got a project team that is formed by myself and there 

is architect, educational advisor, managers, teaching staff and 

then we would consulate with any other specialists- sport people, 

library service. The government has produced the whole series of 

documents on how to procure schools and take them stage by 

stage through the briefing process and also for any PFI, PPP 

projects” (Interview 2) 

 

“The brief team consists of the education department, school 

representative (head teacher) and the design team” (Interview 8) 

 

Figure 5.3 shows the different brief contents and people involved. 
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Figure 5.3 The various contents of a brief document and people involved 

 

 

B2.  Application of VM and QFD for new build schools 

All interviewees declared that they do not have any idea about Quality Function 

Deployment. As for Value Management, some are unaware of it and others have some 

level of awareness. When the researcher explained the main ideas of VM and QFD, 

some of the interviewees stated that they do not use VM specifically but they use 

similar methods to extract their requirements and enhance value for money at early 

stages. Applying VM is embedded within the council process for building new school 

projects. Enhancing VFM for the councils means increasing the efficiency for less 

money. VFM is a concern by the councils for increasing the life of the building, 

achieving their requirements and enhancing the quality within their budget.  

 

“I think we have tried VM to project to stay within the budget. It 

is applied probably less on the building and more in terms of 

things like our requirements for how long the building is open. 

So looking at the attempt, facilities management specification 

rather than the building. We have to control the cost because 
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councils do not have infinite resources, to make sure that we are 

delivering something that works but also affordable, and that is 

the balance” (Interview 1)  

 

“VM is embedded through all, everybody’s responsibility and 

everything they do should be about this value which is about 

quality and finance” (Interview 2) 

 

“The value for the money side of it all took place way back when 

the original group were discussing it; what do you want to do 

with this, what do you think we can do with that, what do you 

want to get out of that. What are the benefits going to be, 

because we should, because there’s huge benefits, papers and 

things done at the beginning on each of the sites, each of the 

schools, different philosophies and strategies as to how we were 

going to do it. So that was all taking the real value for money 

stuff. I’m not convinced we do not. I think we do, do it. We may 

not do it in the way that he’s written down on his sheet of paper” 

(Interview 4)  

 

“I think we called it something else at the beginning. That’s why 

everyone was involved at the beginning and coming up with all 

these various groups to come up with the joint solutions between 

each party” (Interview 5) 

 

For many of the councils, VFM means value engineering which is finding better design 

solutions with lower cost. It is comparing like with like at different cost. Some of the 

councils always apply VE and some of them only when they feel they are going over 

the budget. 

 

“We do not tend to do that until we develop the design, cost it 

ourselves and then if it is within the budget, tend to just leave VM 

but if it is not within the budget, we go to get VM then but if it is 

around the budget we will leave it to do it at a later stage” 

(Interview 3) 
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Some of them even use VM it for choosing the best bidder to go with the project. The 

council has a multi-department assessment team which assesses the design versus the 

cost for the different tenders and the best relative design and cost win the bid. 

 

“There is a tendering assessment. You have a designer build 

contract. Tenders put out the tender. The contractors submit 

their offers and then we have a multi-departmental team that is 

involved in assessing tenders. There is a weighting value for 

design and cost. It is a weighting, we mark as a team we mark 

each tender application and the person with the highest score 

will win” (Interview 7) 

 

However, the interviewees stated that the councils do not accept the new ideas and do 

not use these techniques since either they do not want to exceed the budget which they 

estimated at the early stages or they do not like to change. They would like to stick with 

what they know. 

 

“We have tried that in the past, we employed a specialist and in 

the end of day they just said nooooooooo we are not bothered, 

just stick with what we can do” (Interview 3) 

 

 

B3. The client of new build schools 

The client of new build school project as declared by all the interviewees is a combined 

team of the educational department of the council, the school users and members of the 

council design team. They are responsible for writing the brief, estimating the cost and 

assessing the product during its life cycle. 

 

 

B4. What is important during the briefing stage for schools 

The interviewees determined several important issues to be addressed during the 

briefing stage. The councils’ requirements at the briefing stage for design should be on 

the non-technical side rather than technical side, such as the required spaces, large 

social spaces inside the building school, having flexible teaching spaces and so on. The 

required flexible spaces are the most important part of client requirements. And so the 
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councils consult their educational department, different stakeholders (teachers, head 

teacher and staff), communities, and even social work services to find out their needs. 

The councils should understand the requirements in terms of the accommodation and its 

quality and specifications as early as possible. The brief should also include council 

polices and regulations, are extracted from SE regulations, in terms of areas and 

services such as sustainability and environmental issues. Technical advisors are 

responsible for helping to write the brief. The brief document always needs to be 

developed and detailed. 

 

“So you have to have a quality in them as well in the design side 

(Quality, price and function). I think you are right, first question 

is what do you want the building to do? And what does it have to 

do? For me build up the space you need and the quality of the 

space inside” (Interview 1) 

 

“We do very good research and build up your project needs, 

mature them as early as possible, do not scrimp, do not diminish 

the importance of doing that early, what the consultation with the 

client, just do exactly what they want” (Interview 2) 

 

“And so we just want functional and efficient, well designed, 

internally useable and easily maintainable schools. So it’s really 

what my job’s about, just to make sure we do catch the current 

needs of every building type” (Interview 5) 

 

Moreover, it is very important to find the balance among quality, function and the 

budget at the briefing stage. The building functions are the first thing to be found out 

and required. 

 

“We have to control the cost because councils do not have 

infinite resources to make sure that we are delivering something 

that works but also affordable and that is the balance” 

(Interview 1) 
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Furthermore, they declared that it is essential to know what the project exactly needs, 

what are required precisely and how much things cost, before you can take a decision to 

go ahead. It is very important to estimate the cost accurately at this stage; otherwise 

there will be a major problem and the council will lose a lot of money, spaces or quality 

to meet the new cost. 

 

“So you have got consult that and formulate and put together the 

scale and details of the project and then after that you get to 

estimate the cost of that” (Interview 2) 

 

“It must be because the council needs to make decision on what 

it can afford in the early stage. If it does not do that, it does not 

know what can be built because it does not know how much 

money it going to cost” (Interview 1) 

 

As result, the councils as clients should be informed well about what they want exactly 

and how much that would cost them. Estimating the cost of the school project at the 

briefing stage is considered as one of the most important missions to be done during 

this stage. The council requirements are determined as the different required spaces, the 

quality of spaces, the various SE and council regulations and other stakeholders’ 

requirements. And so the function, the quality and the cost of the new school building 

should be determined at the briefing stage of school project life-cycle. 

 

 

B5. The variations in the briefing document among the different schools 

Three perspectives emerged from the interviewees in this section. Some of the 

interviewees specified that for the whole school projects generally and PPP schools 

especially, the schools built at the same time have the same brief for the same council. 

There are not many differences in general requirements. Small changes are made 

among them, such as technical changes, the way the school is set up or space 

requirements. Even if the different head teachers want different things, the consultation 

process aims to standardise the different schools. However, keeping schools similar as 

way to keep things within the budget and because they are afraid of changing, is 

criticised. 
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“There are six school buildings, for the specifications for six 

schools are almost exactly the same but some schools would 

have certain needs, but it is really round the edges, very minor 

stuff that will change. If it is right at one it would be right at the 

other, just the way the school is set up” (Interview 1) 

 

The second perspective indicated that the schools have similarities and also differences 

in the requirements. They are similar for the general requirements and fundamental 

issues such as some design details of the rooms and the shape of the school. However, 

they are different in several issues such as the level of finishing, required spaces, local 

circumstances, ground conditions, environmental issues, numbers of people, inclusion 

of community, sustainability, heating, security and the school set up. For example, a 

rural school would require specifications which the urban schools do not want. Also, 

local and regional, denominational and non- denominational are good examples for that 

difference. And those differences affect the design solutions. 

 

 

“we find there is a lot of similarities in schools but there are a 

number of significant differences for example denominational 

school, a catholic school will have a special things that are not 

in -non- denominational school do not have, a local school or 

regional school, where your school is located, you will have 

different emphases, which will give different design solutions. 

And there is a number of subjects are taught differently in 

different parts of the country. But when you get down to general 

classrooms there will be a very similar, the science department 

in one school will be similar to the science department in another 

school but music will be different” (Interview 3) 

 

“So it is always refinement to whatever the first brief the 

employer’s requirements we put out. We read that and we read 

the other one, our latest one, yes there are similarities but there 

are also differences” (Interview 6). 
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The third group declared that each school has unique characteristics. The council 

currently meet the community, stakeholders and teaching staff to formulate the short 

and long term requirements and needs 

 

“Each school has unique characteristics. There is a huge 

commitment now in the public sector to make a consultation 

process with community, stakeholders and teaching staff etc. you 

have got to take care and make sure that the project content fits 

our long term needs” (Interview 2) 

 

Furthermore, people stated that although there are similarities among the briefing 

documents of the various schools, the schools are different in terms of the level of 

achieving these requirements. 

 

“So not all requirements are required at the same level but they 

are all doing, each school has a different specialism and that 

makes this function differ among schools. For the community 

use, not again, in Stirling council schools, some of them have 

swimming pools and some of them not. Some have gymnasium 

and games halls, some just have games halls, some have a social 

work department while others do not have” (Interview 3) 

 

Besides, even if there are similarities among the schools built at the same period, over 

time schools differ very much. What was acceptable yesterday, is not good enough 

today. 

 

“And we just went through various elements of differences from 

the school from four years ago to the current brief and current 

building regulations and just current aspirations generally of 

anyone else with an interest in this. For example, a few years 

ago they didn’t have community facilities in the school. 

Nowadays they do want community facilities” (Interview 5). 

 

Consequently, the schools’ requirements written in the various brief documents differ 

from school to school in terms of the level of achieving those requirements. Even if the 
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schools are similar in the general requirements, they differ in a lot of other 

specifications. 

 

 

C.  Design issues of new-build school projects    

It was confirmed that generally, the councils give the outline brief which includes the 

councils’ needs and requirements accompanied with their standard design information, 

which is extracted from the different governmental bulletins issued to their technical 

advisors. The technical advisors are responsible to take it hand in hand with the council 

into a detailed brief with the whole design solutions. They just insist on some of the 

issues and enhance others depending on their past experience. 

 

“So our technical specification was mainly based on a list of 

stated design standards (with our building bulletin standard).  

For example: there are certain things we would insist on over 

and above that and we felt that there are areas that needed to be 

enhanced. Some cases we have gone further and state we want 

more, in these areas we want more, so that’s how we set the 

design standards, but we make it clear within probably not the 

technical elements but in the non-technical side of contract 

documentation” (Interview 1) 

 

For PPP (PFI) projects, the councils do not do the design for schools. The contractors 

get what the councils want in terms of accommodation (output specification, a 

relationship diagram) and take it to the design in a back and forth relationship arriving 

at the optimal design. However, councils do not always get everything they want. 

 

“they tend to hand over to those technical advisors who will 

provide an architect who will talk them through options, an 

engineer, who will talk them through options, you know, these 

things are available to think about a high level, what they want 

from their building on that, but it is, they really do not get into a 

specific briefing process because it is tend to be handled by the 

advisors rather than Local Authorities themselves. The policy 
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framework is set by Scottish Executive and there is a series of 

documents that set the grounds” (Interview 3) 

 

For design and build procurement, contractors are also responsible for designing 

schools. They rely on the brief that the councils give them and some rough drawings as 

ideas. The contractors ask for missing information if they find any. Some councils do 

not check them over their work. However, they see the final design and comment on it. 

And again, they do not always get what they want. 

 

Some of the Scottish councils do like to take control for their design, so they work with 

traditional procurement methods. Their design team or external advisors are responsible 

for transferring the brief to design issues. The designer relies on the brief document to 

do their design. They also end up, sometimes, with the design that they do not like. 

 

It was stated that in some councils there is a diagram of adjacencies which the designer 

should always apply. Whoever the designer is, those adjacencies should be presented in 

the design. These requirements are general design requirements such as safety, security, 

access, inclusion for people with disabilities and others requirements. The diagram of 

adjacencies expresses employers’ requirements. 

 

“If you look at our documentation, the thing that we call the 

diagram of adjacencies. So when you come to the school building 

there is certain things start to unravel themselves. It does not 

matter who the designer is, these things, these adjacencies 

should be present” (Interview 6) 

 

As consequence, whatever the type of procurement the councils follow, the designer 

always relies on the brief documents in any form and other governmental design and 

regulation documents to transfer the brief into detailed design for new build school 

projects. The brief must include the various councils’ requirements, regulations and 

polices to build new schools. 
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D.  Cost estimation methods applied at early stages of new build schools projects 

 

 

D1. Cost model types and their information base 

It was declared that, generally, most of the Scottish councils depend on external 

technical advisor or cost management companies to estimate the cost for their new 

school buildings. Some of them depend on an internal technical advisor to predict the 

cost figure. The advisors give the cost on the basis of square metre (unit cost figure) 

relying on the clients’ accommodation requirements, their experience, their historic data 

and the published cost data and indices such as BCIS (Building Cost Information 

Service). They depend on the council draft requirements (outline brief) as basic 

information to estimate the school cost at early stages. The most important thing, before 

costing, is to know what are required exactly for the required spaces and their quality 

and specifications. The advisors use their experience to choose the nearest historic 

projects to the studied project and then apply adjustment for time (inflation), location 

and some specifications. They depend totally on their experience and BCIS published 

Scottish and UK indices for doing those adjustments. However, UK indices are more 

accurate and reliable. They rely 25% on BCIS and 75% on their experience. At the time 

of the decision to go (briefing stage), the advisors depend on the councils’ 

accommodation requirements to give the cost per square metre, then they move to give 

an elemental cost analysis when the information on design becomes available. The cost 

figure gets properly defined when you get into the intimate elemental analysis. It should 

be stated that BCIS costs are for building costs and so the advisors should add up fees 

such as professional fees, producing documents, project team salaries and planning 

department to get the project cost. Each advisor should state what are included and 

excluded from their cost figure to prevent a misunderstanding and problems later on. 

The cost should be estimated for the first time before the decision to go. 

 

 

“The companies are independent private consultants and 

councils depend on them in all situations to estimate the cost, 

because councils do not really have, like, these sections in house, 

they do not really have the people who keep up to date with 

construction cost (cost and project management companies)” 

(Interview 3) 
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“Then we’ll be looking at the final account figures and we 

should really build up data from that, from schools that  have 

been completed, what the gross internal floor area was, and 

what the final account was and from that we can work out the 

rate per square metre. All we can do is do it best and take these 

factors into consideration, just look at that where we have to do 

some interpretation, predict what the future prices will be”   

(Interview 7) 

      

 

It is worth to noting that for PPP (PFI) projects, the councils seek the whole life cycle 

cost which includes capital cost, refurbishment cost, maintenance cost and management 

cost. The first cost estimation is done at OBC and then they keep watching it over the 

stages till FBC. The advisors use their own models to estimate the cost. They 

considered that their cost estimation methods are not free to be published. 

 

“I would need to get the agreement from our technical advisors 

so it is more difficult to give you that. I think they would 

probably not agree, because they make the money through 

selling their services. And I would be quite surprise if they would 

agree” (Interview 1) 

 

As result, the main cost figure given to the council at the early stages is a unit cost 

figure which is given by the technical advisors. The technical advisors rely mainly at 

this stage on the client requirements in terms of the required accommodation, the 

quality and specifications to estimate the cost for new projects. They depend widely on 

their experience and judgment. Depending on the cost figure the advisors give to the 

councils, the councils take the decision to go. And so this cost figure should be as 

accurate as possible to prevent the councils entering into the wrong decision. 

 

 

D2. The accuracy of the cost models applied at early stages  . 

When the interviewees were asked about the accuracy of their cost models used for new 

build school projects, they had different perspectives about the accuracy. The councils 

which work with PPP (PFI) projects, considered the cost estimations at their early 
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experience of these types of procurements were not great. However, the cost 

estimations became more accurate when they passed that. Later on they have more 

information about these types of projects and became more experienced. Generally, 

they considered the cost figure built on FBC is more accurate and firm than that built 

on OBC, because at the time of FBC there is more information the advisor can depend 

on to build the cost figure. 

 

Other interviewees considered that the cost estimation methods for traditional 

procurements are good. However, they stated that if the cost after the design was larger 

than the first estimation, they would stick with the old design ideas to keep it within the 

earlier cost figure. So they repeat design issues to keep with the early estimated cost. 

 

“It is very accurate. Especially in our case, we have done lots of 

work in schools. It is a good idea how much it is going to cost for 

school” (Interview 7) 

 

“When the tender comes back we do not have to accept the 

lowest offer. So if it's above budget we need to think again. There 

will be a saving exercise to bring it down” (Interview 6) 

 

In contrast, some interviewees considered the estimated cost figure at early stages is 

rough and not accurate. They believed that the early estimated cost figure depending on 

square metre is not well defined. 

 

“It is rough and ready, if you are only doing it by square metre, 

it is very rough. The cost figure gets properly defined when you 

get into the intimate elemental analysis” (Interview 8) 

 

“In my experience, not very” (Interview 3) 

 

“We’ve external consultants, who I mentioned earlier, who did 

an initial costing, that was based on an old fashioned school not 

taking into account anything that changed over five years. It was 

actually very poor” (Interview 5) 
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“If it is based on a cost by square meter, it is very rough, it is not 

as accurate as doing it elementally. If you are doing it 

elementally as the design is worked up then your cost should 

become more and more accurate” (Interview 8) 

 

In conclusion, the cost estimation figures that the councils get are either not expressing 

the changes in the clients’ needs or rough and not accurate. The more information the 

advisors have at the stage of estimating, the more accurate a cost figure they can predict. 

 

Furthermore, people who deal with PPP projects consider the estimated early cost 

figure which they get is accurate, currently. However, it is difficult to consider their 

attempt as mature experience because firstly, the PPP projects contracts have not 

finished yet. And so they are not able yet to determine the accuracy of these cost 

figures. Secondly, they are writing the same brief and design for the whole schools 

estate management. On other words, each PPP contract includes the developing of not 

just one school but a number of new-build schools in which the same design and brief 

(outline business case) are used for the whole set of developed schools. Consequently, 

the variations in the cost would be close to zero and makes no variance among the 

figures for different schools. But when it comes to another PPP contract with another 

new set of schools, judgmental actions for cost estimation by the advisors are going to 

take place again. 

 

 

D3. The satisfaction of the councils about cost models applied at early stages   

It emerged that the Scottish councils are not fully satisfied with the cost models for 

traditional and D&B, whereas for PPP and PFI, they were not satisfied at the early 

stages but they feel these are getting better. They are satisfied now but afraid of 

changing.  

 

“They are not satisfied because when you come to get their 

tender process they find they are generally coming over budget 

and that throws all the calculations out the window. And that led 

to a lot of problems with re-scoping the project. They tend to 

keep the scope the same and try to find extra money and that part 

of generally is going about it” (Interview 3) 
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Some of the councils are not satisfied with the external advisors’ figures but they are 

satisfied with their figures because their internal advisors consider the new requirements 

and inflation. Their estimators try to do their best in estimating the cost depending on 

the information that they have but they are not blamed if costs go up or down. They 

claimed that the external advisors try to give a lower cost to make the project go and 

then they are able to increase the cost by different excuses. 

 

“We try and get the actual figure we’re not a blame culture here 

so if I’ve tried to land on the figure and I’m £1million out there 

isn’t an enquiry. They’re quite happy here to say , you give us the 

best advice at that time and you try to land as close a figure. In a 

local authority it is quite likely to go over the figure and other 

government bodies so you do not get the blame if it does go over 

budget. What I mean by private consultants to be under the 

figure? They want to ensure that the project goes ahead. So say 

that they were going to do a number of schools and it was £50 

million but their estimate was – its quite possible they’d put their 

figure in at £40 million or £42 million so that the client is 

encouraged let move to the next stage, next stage. And they build 

up their figure slowly and this is a premier problem. People do 

want the project to go ahead and they end up getting so involved 

in it and they’ve got good reasons why the cost is going up. And 

its this and that and the next thing and they’re very good at 

adding figures in or excuses for why the figure’s gone up” 

(Interview 5) 

 

 

D4. People involved in estimating or receiving the early cost figures 

 The people who are involved in preparing and using the cost figures at the briefing 

stage, as determined by the interviewees, are educational advisors, technical advisors, 

legal advisors and financial advisors. Those people are responsible for creating the 

balance between what is required and what is affordable. If the councils tried to achieve 

everything, the cost would become unaffordable. The education department of a council 

is the client who produces an outline brief of what they want in terms of broad 
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requirements, nothing related to design, specifications or drawings. There is a technical 

person who prepared the brief for them and passes it to the estimators of the council. 

 

“So we had control of that through an educational person and 

finance person and technical person together looking at what 

people asking and saying yes that makes sense, or doesn’t make 

sense, you need that, or it is too much I can not pay” 

(Interview1) 

 

A problem emerged when the researcher wanted to deal with the various Scottish 

councils. This problem was that the same department has different names in the various 

councils. This problem prevented the researcher to be able to determine the exact name 

of the departments contributing in preparing the cost. 

 

“So It’s very very hard to get your contacts and get your 

information out of a local authority. Simply because everyone is 

set up differently. Each council has its own organizational 

structure which differs totally from other councils. It is very 

difficult to catch the right person to speak” (Interview 5) 

 

 

D5. The disadvantages and limitations of cost models applied at early stage 

In addition to the roughness and inaccuracy of estimated cost figures at early stages, the 

cost estimation methods used at the briefing stage have other limitations as indicated by 

the various interviewees. One of the limitations is that the users do not know what they 

need at early stages. The required spaces are not known at the early stages. Another 

limitation is human factors for comparing like for like, for estimating the cost relying on 

historic projects. 

 

“Unless you have done the work to get the size and the quality of 

your building right, you are not completely underestimating or 

overestimating. What you are looking for in terms of size, square 

metre and quality as long as you understand the cost of any 

quality you built in the building, as long as you have got that 

right, and whoever is designing the costing understand that and 
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has read the brief then they should cost it probably” (Interview 

1) 

 

“We had a good quantity surveyor with what have you developed 

your client requirements probably. The people think to start they 

are looking at things too early, before the brief as been properly 

consulted or developed and then you get problems” (Interview 2) 

 

Furthermore, schools currently require higher levels than before in terms of design, 

ventilation, acoustics, flexibility, natural lighting, room set out, long life elements, 

community inclusion, security and other designing issues. Estimators should understand 

what modern schools require before costing the projects. The external advisors estimate 

the cost poorly and the council is not satisfied with their work. The advisors depend on 

out-of-date school information and they do not include the new changes. At the stage of 

estimating, the estimator does not have enough information about the exact 

requirements for schools (what people really want at this stage). That makes the 

estimation process very difficult. 

 

 

“The other important thing about skills, and we’ll pass your 

question as we come onto this, schools aren’t what they used to 

be and most people do not realise that. Schools are far more high 

tech, more expensive buildings than people imagined them to be. 

The spans are, required, are difficult, the lighting, the 

ventilation, the acoustics. So you must understand that, or 

anyone must understand that when they sit down and to prepare 

to cost a modern school, you must understand what is required in 

a modern school. A school five years ago is no use for a cost 

model today. Schools are moving on so quickly. We’ve external 

consultants, who I mentioned earlier, who did an initial costing, 

that was based on an old fashioned school not taking into 

account anything that changed over five years. It was actually 

very poor, we pointed that out” (Interview 5) 
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Moreover, some of interviewees stated time inflation as a distinguishing limitation of 

the current cost estimation. The contract took longer than agreed and prices go up. The 

contractor should stick with the contract’s duration. 

 

“The only difficulty, I think, is the impact of time in that 

construction because so much building can have construction 

inflation costs by time. So you can cost at one time but if it is not 

two years before your cost build has delayed putting tender 

together and delay getting tender back and by the time you’ve 

got the tender back in two years may be fast. Two years can be 

15% inflation and that where the risk is” (Interview 1) 

 

The lack of availability and suitability of historic projects data as sources to estimate 

the cost is one of the stated limitations. 

 

 

D6. The time of first cost estimation in the school lifecycle 

Whatever the type of procurement used to build a new school, the cost of the building 

should be known at very early stages of the project life cycle. The first time in the 

project life cycle when the costs are sought is before the decision to go to build. For 

PPP procurement, it is the time after formulating the OBC to determine the budget and 

affordability. The cost is then estimated over the different stages of project life cycle to 

keep it in control. For traditional and D&B procurements, the first time when it is 

important to estimate the cost is after writing the outline brief, to help the client to 

determine their options. Then, when the design goes forward, the estimation process is 

repeated and the cost figure becomes more accurate. 

 

“Costing at an outline business case (first cost), costing revised 

business case and costing again when we went out to tender” 

(Interview 1) 

 

“I think people need to know that at a very early stage because 

that is required for policy making” (Interview 5)   
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E.  The procurements used for new build school projects 

Four procurements which the new build school projects are built under were agreed 

among the interviewees. They stated Public Private Partnership as the one they have to 

work with when they get funding from the SE. PPP procurement differs very much from 

others: the councils do not give design information; they give output specification 

which contains general specifications. The output specification expresses what the 

councils want from the schools programme. Some of the Scottish councils like to work 

under this process. They asserted that all the risks are transferred to the contractor 

(company) even the maintenance, running and the renewal issues. They also like the 

fact that they do not need to think about renewing the schools for the next 25 years. 

Moreover, this procurement obligates the stakeholders to meet, discuss and understand 

the government, councils and users needs. They also added that, in PFI, the contractors 

understand the councils’ requirements more than in other procurement processes, and 

apply them in the design because they are responsible for operating the projects. 

 

 

“That is one of the good things about PPP, it concentrates the 

mind, brought everybody into the discussion, you know you’ve 

got to comply with the government things, how do you change? 

Where do you move from? That was the idea that was set by 

everybody; you’ve got to agree with. They have a good feeling 

about constructing community school but they do not know about 

the successful way of operating them” (Interview 4)    

 

 

On other hand, other councils do not like work with PPP procurement. They claimed 

that it is better to get the money from the government and work by themselves. Some of 

them consider that working with PPP is expensive. Furthermore, others believed that it 

is not successful to work with. They claimed that if the councils have enough money to 

build new schools, they do not use PPP procurement. They would go for their own way 

of working. Even people who like working with PPP declared that they work with it 

because this is the only way to get funding from the SE. It is very expensive for the 

councils to use this method by themselves. 
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“We have done PPP projects to get the fund from Scottish 

Executive that is bigger than the fund for other procurements” 

(Interview 1) 

 

“This is the only funding available, we had no other option. We 

would have preferred just either up the revenue support grant to 

us or specifically just give us a specific funding for it. Or add it 

to the DSN budget if they want, if it’s in education, if that’s what 

they wanted to do. And then allow us to go and do it ourselves 

but it’s not the option. It’s to be an off balance sheet transaction. 

The Scottish Executive only gave us one option. You could go 

away and build it yourselves. But we didn’t have enough 

borrowing consents to start building them. Which is the same as 

every other councils; everybody is in the same state. So it was 

driven down if you want a new school this is the only route 

available to you. A big carrot was placed in front of us” 

(Interview 4) 

 

“It would not really be a favoured way of doing it. The much 

better idea would be if the government said ‘Name of the 

council” I will allow you to, there you go, you want to build a 

bunch of schools” (Interview 4) 

 

“Well we go for PPP when we do not have any sufficient funds 

ourselves. Whenever we’ve got sufficient funds we will build 

them and pay for them up front” (Interview 5) 

 

“PPP is another route; we have applied it here to our secondary 

schools, not very successfully. The original contractor went in to 

the receivership and we have a difficulty bringing another 

contractor on board. The special purpose vehicle set up to run is 

accountants and bankers; it hasn’t got any construction skilsl.  In 

addition, our secondary schools were refurbishment not brand 

new so it was difficult” (Interview 8) 
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And so, if the councils do not get or do not want funding from the SE, they work with 

either traditional, design and build or hybrid procurements. They claimed that design in 

traditional procurement is more expensive than D&B. However, they like to work with 

these procurements because they can take control of their schools design. Some of the 

councils consider themselves as experienced clients and have the resources and 

multifunctional teams to build using the traditional and D&B procurements. 

 

As a result, there are several councils which still work with traditional procurements 

using the rough cost estimated figure at early stages to study the feasibility of the 

projects. 

 

 

Figure 5.4 The various procurements used to build new school projects 

 

 

 

F.  Interviewees’ opinions about the research idea     

When the researcher explained the main idea of the proposed cost model, the 

interviewees expressed their opinions about the idea. Some of them like the idea and 

emphasised it in terms of building an early cost model which can express clients’ needs 

and requirements at the stage where available information is lacking.  

 

“I think you have to do it because how can the council make a 

decision if it wants to progress with a project if it does not know 

what it is going to cost, and the costing should be accurate. 
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There is no reason why you should not. I think it is absolutely 

essential” (Interview 1) 

 

“I think what you are looking at is very important issue. It 

emphasis the link is very clear” (Interview 2) 

 

“That will be interesting. If you do that because then I will let 

them see if they want to do the community used and how separate 

changing on that for other people to come and use the library or 

whatever then that added value but it is going to be extra cost. So 

you can compare added value against extra cost” (Interview 3) 

 

The others found it interesting idea but they stated that this cost model would be good 

for traditional and D&B procurements but not for PPP. They added it would be difficult 

to build it. 

 

“No having said that I think you could be right on a traditional 

build but you’re not right in this case. I think it would be difficult 

to achieve” (Interview 4) 

 

 

 

5.3.   Summary 

In this phase of the research, the main aim was to explore and define the actual practices 

in budgeting, briefing and designing new build school projects by the various Scottish 

councils. The interviewees were asked to express and describe their ideas, opinions and 

experience working to build new schools in terms of the previous themes. Several issues 

emerged by analysing the interviews which are summarised as follows: 

 

The briefing stage of the project life cycle is a key stage for the success of the projects. 

It is the stage of determining the different clients’ needs and requirements for their new 

projects in terms of required accommodation, quality, specifications and the various 

government and council policies and regulations. It is very important to estimate the 

cost of the project at this stage relying on the available information (clients’ needs and 
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requirements) to give the client the opportunity to appreciate the different options. The 

education department, technical advisor and the schools users are the main key people at 

this stage and they are all considered as the clients of the new school projects. They are 

the most important people to be satisfied for the success of the school projects. The 

councils see that they are the most able body to prioritise and determine their needs 

more than any other parties. Besides, they confirmed that the education department for 

each council gets feedback from the school users about their schools. And so the users 

are the main players for achieving good schools.  

 

Furthermore, the councils depend on the money they either get from the Scottish 

Executive, their own money, selling lands or developers’ contributions as a budget to 

build new schools in their areas. However, whatever the source of money by which the 

councils set their budget, they must have an accurate cost estimation figure at very early 

stages of the school projects life cycle to be able to determine the budget and taking the 

decision to go. In other words, all the experts declared the high importance of the cost 

estimation mission at the briefing stage of their project’s life-cycle which helps them to 

make the right decision. This also supports the importance of the main idea of this 

research which is the imperative of the existence of an accurate cost estimation method 

at the briefing stage.    

 

Moreover, for “value management” and “quality function deployment”, there is no 

evidence of these techniques being applied by councils in the real life. Most of them 

applying value engineering instead of VM. However, they apply their own weighting 

techniques which give similar results to VM at the briefing stage. These techniques aim 

to extract the different clients’ needs and requirements to achieve the balance between 

cost, quality and function to enhance the project VFM. The most important issue at the 

briefing stage is to find the balance between what the clients and users want and what 

that would be cost. These methods use the different published government and council 

documents and allow for the council teams to meet to write the brief for new build 

school projects. So, although a lot of researches confirm the suitability and usefulness of 

applying VM and QFD to achieve the functions of the briefing stage, people involved in 

writing the brief and designing new-build school projects are not aware of them. 

However, they are aware of the importance of extracting and weighting of the various 

design needs and requirements at the briefing stage to achieve the satisfactory school. 

As a result, the idea of extracting the various design needs from previous VM or QFD 



Chapter 5: Exploration of current practice in briefing, designing and costing new-build school projects 

 

185 

 

studies was aborted and instead, the idea of using the various published polices, 

regulations and recommendations to develop the school client brief emerged.      

 

It also comes to light that the briefs for different schools have similarities in the general 

issues. However, they differ in other quality and design issues. All schools address the 

need to achieve the same quality and design desirables, but they differ in the required 

level of achieving them. These quality and designing factors include space qualities, 

space arrangement, sustainability, environmental issues, community use and 

accessibility, which are all laid out in the different government documents. In other 

words, UK schools achieve different level of performances for the various design and 

engineering requirements. So this supports the main hypothesis implied by this research 

in which there is a possibility to formulate one general brief including the various 

design and engineering requirements for new-build schools. The differences among the 

school briefs would be in the level of performance which these schools achieve.   

 

The interviews also revealed that traditional and D&B procurements are still used by the 

various councils. All councils who do not get, or do not want to get SE funding, work 

with either traditional procurement (Bill of quantities) or D&B procurements. They like 

to take control of their design. Councils work with PPP procurement because it is the 

only way to work if the council want to get government funds. Consequently, even a 

although there is lot of literature around applying PPP and PFI for procuring school 

projects, many councils still employ the other procurement methods for their new-build 

schools. 

 

In addition, all Scottish councils rely totally on the brief to design their schools. They 

develop the outline brief to be a detailed brief which contains the whole of the clients’ 

requirements with their design solutions.    

 

On top of that, cost estimation methods are another issue which emerged from the 

interviews. It was agreed that for traditional and D&B procurements, some of the 

Scottish councils use external advisors to give them a cost advice at early stage. All 

advisors give a cost figure based on unit area (square metre). Their estimation methods 

depend largely on the accommodation requirements, rather than any other requirements. 

The council representatives agreed that the advised cost figure at the early stage of the 

school project life cycle is rough and not very accurate. They called for full 
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understanding of clients’ requirements and brief by the various advisors before giving 

cost advice. 

 

Furthermore, they expressed that they are not fully satisfied by these cost estimation 

methods. They also stated that lack of updated historic information, the lack of 

understanding of the clients’ needs at the briefing stage, human factors and the large 

difference among the old schools and new schools, in terms of level of achieving the 

requirements, as the main limitations of current cost estimation methods used at the 

early stage of the project life cycle. They also confirmed that the first time of asking for 

cost advice is after the outline brief, at the time for the decision to go. 

 

As a consequence of what has been stated previously, the importance of building a new 

cost model to estimate the construction cost of new-build school projects at the briefing 

stage, relying on the level of achievement and performance of the various design 

requirements, is supported. However, the researcher turned from using VM and QFD 

for extracting the various design needs and requirements for new build school projects 

to utilise the various published polices, regulations and recommendations stated by the 

SE and governmental agencies such as CABE, DEfS and others, as discussed in Chapter 

3. In addition, the main key respondents of the next field work are determined to be the 

different councils representatives and technical advisors involved in writing the brief for 

new-build school projects. 

 

 

5.4   Research Reflection 

For the purpose of qualitative data collection, interviews were conducted with the 

various local authorities in Scotland. The experience gave the researcher opportunity to 

get in touch with experts in developing new build school projects from the various 

Scottish councils. The format of interview was flexible. The interview was semi-

structured. The questions were open-ended questions, with the intention of enabling the 

participants to express their ideas, opinions, and beliefs freely. They were asked to 

present their experience and opinions on the various ways of budgeting, briefing, 

designing and costing new build school projects. 

 

The difficulties which faced the researcher during the research, including the limitation 

of the cost information data provided, limitations of a guiding framework for budgeting 
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school projects and the difficulties in contacting the right respondents because of the 

different names of the same department in the various councils, the respondents’ time 

limitations and the confidentiality issues regarding their cost information, made 

interviewing these people and persuading them to give detailed information very 

difficult. It, also, should be emphasised that a huge effort was done by the researcher 

who has the positivist (quantitative) nature to manage and analyse the large amount of 

qualitative data gathered in this research.           

      

“So its very very hard to get your contacts and get your 

information out of a local authority. Simply because everyone is 

set up differently. Each council has its own organizational 

structure which differs totally from other councils. It is very 

difficult to catch the right person to speak” (Interview 5) 

 

“We thought that there would have been some guiding 

framework which says that this is how you arrive at the budget at 

that early stage. But even that seems vague” 

  

However, the resulting information that emerged from these interviews was good and 

useful. And consequently, several reflections were made. 

 

The researcher redirected the research from extracting the school client’ needs and 

requirements from historic applied VM and QFD studies to extracting them from the 

various published governmental documents used to write the brief. The researcher 

would recommend VM and QFD as useful and organised methods to write the brief. 

The researcher, also, still would use the techniques used by VM and QFD to build the 

cost model and organising the various clients’ needs and requirements as VM and QFD 

are approved as successful methods to determine and maintain construction clients’ 

requirements. 

 

In addition, the main respondents of the next data collection round to determine, 

emphasise, and assess the various extracted school needs and requirements are 

determined as the various educational departments, technical advisors of UK councils 

and various UK schools users. 
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The interviewees’ opinions about the current cost models give the researcher more 

enthusiasm and motivation to build a cost model to estimate the cost of the school 

projects at early stages relying not only on the required schools areas but also on the 

whole clients needs and requirements.        
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Chapter 6: UK School client prioritised design needs and 

requirements (First questionnaire) 

 

 

 

6.1.   Introduction  

In chapter 4, the current research approaches were evaluated, and the ways, by which 

the research was conducted, were explained. The most suitable research strategy and 

techniques were selected and justified. Figure 6.1 presents the logical steps applied for 

the conducted research. 

 

Figure 6.1 The Research strategy 
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The literature review chapters explored the various practical principles addressed in the 

literature for budgeting, briefing, designing and costing new build construction projects 

generally and school projects specifically. However, the lack of published information 

relating to schools projects pushed for the need to conduct interviews to explore the real 

practices applied currently. 

 

Chapter 5, based on the interviews conducted in 2008, revealed the lack of current early 

costing methods which fully expressed clients’ needs applied at the briefing stage to 

estimate the cost of new build school projects. The interviewees declared the 

importance of getting a cost estimation method that express the clients’ needs and 

requirements. Furthermore, they stated that clients’ needs and requirements should be 

determined at the briefing stage of the project life cycle. In addition, they confirmed that 

value management and quality function deployment are not used at the briefing stage; 

however, they use different methods with similar techniques such as using focus groups, 

weighting methods and brain-storming techniques to extract clients’ design needs. They 

employ the various governmental and council briefing documents to determine those 

requirements. It also emerged that school buildings are similar in their requirements but 

there are differences in the level of achieving those requirements. The interviews 

revealed the educational departments of the councils, council technical advisors and the 

schools users to comprise the real client body of new build school projects. 

 

In chapter 3, the various governmental design and brief documents to extract the various 

school clients’ design needs and requirements determined at the briefing stage of the 

school project life cycle were reviewed. These established requirements formed the 

main keys of the first survey.        

 

This chapter is a part of series of chapters which comprise the research strategy process. 

It covers the second round of the research field work, the first questionnaire (Figure 6.1) 

and shows the results of the descriptive and statistical analysis of the nationwide survey. 

This survey was constructed to confirm the employment of various design documents to 

form school clients’ design needs and requirements at the briefing stage, and investigate 

the relative importance of these needs by using frequencies and descriptive analyses. 

Eighty eight schools clients’ design needs and requirements were identified in chapter 3. 

Reducing this number of requirements to be used in the next round of the field work is 

considered as the main objective of the present survey. The reduced requirements are 



Chapter 6: UK School client prioritised design needs and requirements 

 

191 

 

going to be used as the basis of determining the extent to which the various existing UK 

school buildings attain of these requirements. The reduction function emerged as a 

result of the low response to the present survey: the length of time required to answer 

the questionnaire was believed to be one of the reasons for the low response rate. Factor 

analysis, T-test analysis and descriptive analysis were adopted to achieve this objective. 

Based on this, the prioritised school clients’ design requirements were established as a 

result of this e-mail survey. The survey asked the respondents, who are the new build 

schools clients (UK Councils) and their external technical advisors to rank the various 

design requirements asked at the briefing stage. 

                                                                                                                                                                    

This chapter explores different sequence of activities of the survey including the survey 

design, determining the sample, the pilot study and the questionnaire results. It explains 

the steps of data collection and analysis. 

 

 

  

Figure 6.2  Survey data collection steps  

 

 

6.2.   Questionnaire design and content 

Surveys are considered as one of the widely used methods of collecting the empirical 

information. Questionnaires are widely used for surveys more than the other methods 

such as interviews…etc (Lenard et al,1997; Fellows and Liu,1997; Naoum, 1998). A 

questionnaire is used for seeking the different facts, opinions and views about a research 

subjects giving the information to evaluate them. However, to make the questionnaire 

information meaningful and viable, the questionnaire should cover the largest possible 

number of respondents and contain the appropriate questions which cover the sought 

subject widely. Hague (1993) indicates the importance of getting accurate information 

from the respondents to validate the questionnaire, and that can be achieved by asking 

the right question for the right person. Oppenheim (1992) highlighted the importance of 

a well designed questionnaire by asking non-arbitrary questions, based on a literature 

review. 

Survey 

Design 
Sample Pilot Study Results 
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The questionnaire is a preferred tool for gathering quantitative information (Oppenheim, 

1992). It has advantages and limitations as been pointed out by Naoum (1998) and 

Fellows and Liu (1997). The massive amount of information collected with a lower cost 

in terms of money and human resources, the minimum respondents’ time and effort and 

the wide geographical coverage of the respondents are the main advantages of this 

method. The questionnaire also gives the respondents the opportunity of further 

consultation, discussion and not being in the spot light, as they are in interviews. 

 

On the other hand, the large amount of time and effort consumed, difficulties in 

designing an effective questionnaire, poor response rate and the risk of the uncertainty 

that the right person completes the questionnaire are stated as limitations (Fellow and 

Liu, 1997). To help ensure the advantages outweighed the limitations, an email letter 

was sent to 440 UK councils, who are considered as new build school clients Chapter 5, 

in the second quarter of 2009. This explained the main aim of the questionnaire and 

sought responses from experts involved in briefing and designing new build school 

projects within the councils (Appendix B). The main aim of the questionnaire was 

determining the relative importance from their own council perspective of the various 

school design needs and requirements established through the literature. Much effort 

was expended to ensure the current sample was identified. This involved three months 

of contacting all the UK councils to identify the most appropriate respondent to send the 

questionnaire to in each case.  

 

Concurrently, an investigation of the RIBA registered architects who work with the 

various UK councils as technical advisors for designing new build school projects was 

undertaken. The main aim was to obtain the contact details of the various UK architects’ 

practices that have experience in working with councils in writing the brief and 

designing new school projects. A full description of the sample selection is given later 

in this chapter. The e-mail questionnaire included a covering page stating the main aim 

of the research and the different objectives sought from the questionnaire (Appendix B). 

In addition, a simply designed questionnaire was used to make the survey easy to follow 

and interesting to answer. The questionnaire consists of only three simple sections. The 

first section sought personal information looking for the position which the respondents 

fulfill and their previous experience in briefing and designing new build school projects. 

The second section covers the different published design documents used. These 

documents had been used to extract the design needs and requirements for new build 
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schools to put them in the questionnaire (Chapter 3). The third part gives the 

opportunity to rank the relative importance of the various design requirements. The aim 

of this section is to find out the most important schools’ design needs and requirements 

from the school clients’ points of view. 

 

In practice, to achieve a good and reliable response rate, the online questionnaire was 

used for this survey instead of the conventional postal questionnaire. Early quantitative 

studies seem to indicate that electronic questionnaires had a very favourable response 

rate when compared to the typical 20-50 per cent response rates usually achieved by 

conventional mail surveys (Nachmias & Nachmias 1996). Besides, the cost of online 

questionnaire is considerably low in terms of both money and time. In addition, the e-

mail questionnaire was sent over two rounds, two weeks left between each round. 

Another, third round of e-mailing and phoning the respondents was then completed. The 

questionnaire was sent to two groups of respondents. The first one comprised a wide 

range of RIBA registered architects who have experience working in the education 

sector generally and primary and secondary education specifically. They are registered 

in the RIBA as technical advisors who have the experience in writing the brief for and 

designing new build school projects. Also the questionnaire was emailed to the various 

UK council representatives who were identified as mentioned previously. Those 

representatives have different occupations within the councils such as project managers, 

education managers, planning managers, architects, designers, financial and technical 

managers and officers. Spaces were left for the respondents to express their ideas and 

knowledge within the questionnaire. A full explanation of the chosen sample is 

presented later in this chapter. 

 

Within the context of this research, in view of the fact that the responses percentage of 

this survey reached 25.17%; the questionnaire was believed to be successful. 

 

 

6.2.1.   Questionnaire design 

When it comes to using a questionnaire as a tool for data collection, several issues, 

including survey design, population and sampling, the adopted method for analysis and 

the studied variables, should be considered (Pallent, 2005; Creswell, 2003; Oppenheim, 

1992). 
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The questionnaire design was based on the information and literature laid out in Chapter 

3, where eighty eight design needs and requirements of new build schools were 

determined. Oppenheim (1992) identifies open-end and closed questions as two types of 

questions which can be used in designing a questionnaire. Closed questions were used 

for this survey, accompanied with spaces for giving the opportunity for respondents to 

express their opinions. As stated previously, the questionnaire was a straightforward 

design with three simple sections. The first section sought personal information, looking 

for the position which the respondents fulfill and the experience which they have in 

briefing for and designing new-build school projects. The main aim of this section was 

assuring that only the right experienced person answer the questionnaire. Further, the 

second section covered the different published designing documents used. These were 

the documents that were used to extract the various design needs and requirements for 

new build schools to put in the questionnaire (see chapter 3). This section aimed to 

assure that these documents are really used by the various experts for writing a brief for 

new build school projects. The third part gave the opportunity for school clients to rank 

the relative importance of the various design requirements determined at the briefing 

stage, using the Likert- Scale. The main aim of this section was finding out the 

prioritised schools’ design needs and requirements from the school clients’ points of 

view. Specific attention was given to the layout of the questionnaire in order to enhance 

the response rate. A lot of effort, searching, exploring and reading were carried out to 

design the questionnaire. It took four months searching the various governmental 

documents and briefing techniques to design a good questionnaire. The questionnaire 

sections are presented in Appendix B. 

 

This survey required the various council representatives and architects’ respondents to 

rank the relative importance of design requirements collected from the various 

governmental design documents for schools’ projects. 

 

For this survey, a sample of 200 UK council representatives and 400 registered RIBA 

architects believed to be involved in writing the brief and designing new build school 

projects was established. The council representatives are found to fulfill different 

occupations within the councils. Full explanation of the sample selection is given later 

in this chapter. 
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As the clients of the schools were identified as the various council education 

departments, the council technical advisors and the schools users (Chapter 5), the 

sample criteria were as follows: 

 

i. The various RIBA registered architects involved in writing the brief and 

designing new build school projects in UK; 

ii. All UK local Authorities involved in writing briefs for new build schools 

projects. 

 

The sample is chosen to cover the whole geographical spread of councils and architects 

across the UK. 

 

 

6.2.2.   Pilot study 

Constructing a well designed questionnaire is one of the steps in obtaining the correct 

data. There are several means and steps in building a good questionnaire. Pre-testing of 

the questionnaire (Pilot Study) is one of the most important methods to build a good 

questionnaire which produces the right information that can be used to achieve the 

intended goals (Pallant, 2005; McQueen and Knussen, 2002 and Oppenheim, 1992). 

Oppenheim (1992) stats wording the questions, designing an introductory letter, the 

ordering of questions, establishing the required response time and increasing the 

response rate as different advantages of conducting a pilot study prior to the real field 

work. Concerning this preliminary survey, four architects were interviewed to complete 

the pilot questionnaire and to comment on it. Two of them were qualified architects in 

academia and had experience in designing effective questionnaires. They were asked to 

comment on the questionnaire itself in terms of its wording, design and 

comprehensibility. Two of the architects were also working in academia, but 

additionally had the experience of designing and writing a brief for school projects. 

Moreover, two copies were sent to two council representatives seeking their opinions on 

the questionnaire. The pilot study respondents were asked to present their opinions and 

views on the questions design and wording, the factors and variables, the time taken to 

complete the survey, the questionnaire design, the possibility of reducing or merging 

variables, the chosen sample and what could be missing. At the end of this pilot study, 

several adjustments and revisions were made to arrive at the final version of the 

questionnaire: rewording some questions, the way of interpreting the questions by the 
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respondents and the design variables, eliminating or merging number of the variables, 

changing sentences in the introduction page and putting few examples for each variable 

were the main changes made for the pilot questionnaire. It was determined that 

completing the questionnaire takes from 15 to 20 minutes. The questionnaire is 

presented in (Appendix B). Table 6.1 summarises the pilot study sample. 

 

 
Pilot study respondents Number Experience 

Architect 2 Academia 

Architect 2 Schools designing 

Council respondents 2 School clients 

Table 6.1 Pilot study sample 

 

 

6.2.3.   Sample selection  

Sample selection is an important part of the data collection processes. A wrongly 

chosen sample leads to a bias in the data sought and consequently in the results. The 

sample’s subjects should represent the population and have the same probability of 

being chosen. A survey sample should have a relatively large number of respondents to 

produce data which can be generalised (Rossi et al., 1983). Only data derived from 

partial information of what can be gathered from the entire population can be 

generalised (Nachmias and Nachmias, 1996). In the ideal world, the best data is when it 

is collected from the entire population. However, doing that is impossible, so 

researchers build models of the real world by creating an accurate illustration of the 

phenomena studied (Field, 2000). 

 

According to Holt (1998), there are different ways of choosing samples. For a survey, 

eight types were described, to build samples, which are census, random, systemic, 

stratified, convenience, judgmental, quota and snowball sampling (Walonick, StatPac, 

2010). Census study is applied when the number of entire population would be in 

included in the study because it is sufficiently small. The other methods are applied 

when the entire population is relatively large. Random method means the sample is 

obtained from the population randomly and each member of the population has an equal 

and known chance of being selected. Systemic approach relies on choosing the sample 

from population in systemic order such as every N number. Further, in stratified 

sampling, the population is divided into several stratums which are subsets of the 

population that share at least one common characteristic, and then the sample is chosen 



Chapter 6: UK School client prioritised design needs and requirements 

 

197 

 

randomly from each established stratum. Random, systemic and stratified methods are 

probability samples. However, the rest methods are considered as non-probability 

sampling. Convenience method is used in exploratory research which the sample is 

selected because they are convenient. It is an inexpensive approximation of the truth. In 

judgment sampling, the sample is selected based on a specific judgment. In addition, 

quota approach is a mixed between stratified and judgment methods. The population is 

classified into several stratums, and then judgmental decision is applied for each 

stratum. Lastly, snowball method is used when the desired sample characteristic is rare. 

It relies on referrals from initial subjects to generate additional subjects.  

 

For this survey, the main sample contacts are determined as the various council 

education and property departments and also the various council technical advisors 

(Architectural organisations) who help the council in writing the brief and designing 

new build school projects (Chapter 5). The judgment method was used for selecting the 

RIBA registered architectural organisations, as the population was characterised with 

respect to certain criteria such as writing the brief for new primary and secondary 

schools. The RIBA website classifies the different architectural organisations based on 

their alphabetical names, working sectors such as (education, agriculture and so on), 

years of experience, types of architectural and professional services offered, such as 

writing brief, design, consultation and so on, overseas experience and the financial size 

of their projects. The web-site offers the full contact addresses for these organisations 

and examples of a number of their previous works. Relying on this site, the various 

architectural organisations were narrowed down to those who only work on educational 

sector. Then, those educational architectural organisations who work in primary, 

secondary schools and general education were selected over those who work in higher, 

nursery and training education. The architects who work in primary, secondary schools 

and general education were further classified into those who work on the writing brief 

and those who don’t. Only architects who do work on writing a brief for primary and 

secondary schools were chosen to take part in the first part of the survey sample. In 

addition, several phone calls were made to RIBA Customer Services asking for their 

educational directory. This directory contains the contact details and information for the 

various architectural organisations who work on educational services. The directory was 

used as a support tool for assuring the accuracy of the selected sample. As a result, 3308 

architectural organisations were found registered on RIBA directory of which 1456 

work on educational projects. However, only 558 architectural organisations are 
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believed to work on writing briefs for primary and secondary schools which were 

selected to be on the sample. This number was further reduced to 400 because that the 

survey was an on-line survey and some of these architectural organisations either do not 

have emails or their emails were not active. Consequently, 400 architectural 

organisations were invited to participate in this survey. Three months were spent 

working on selecting those architectural organisations. As explained above, a lot of care 

was taken to choose the right organization to take part. The researcher had to read the 

complete information about each organization to ensure that they are suitable to 

participate. 

 

 

 

Figure 6.3 The Process of Selecting the Architectural Organisations 

 

 

 

Meanwhile, a census sampling, which means taking the whole population as a sample, 

was used for selecting the second part of the sample. The various UK councils which 

represent the clients of new-build primary and secondary schools form the second group 

of the sample. Finding out the key people within the councils who should represent their 

councils in this survey was a very difficult mission, and so an introductory e-mail was 

sent, finding out the responsible people within the councils to send the survey to. This 

email was sent to all UK council customer services, asking for individuals responsible 

as being school clients in each council. It asked about those involved in writing the brief 

and designing school projects and the people who are responsible for determining what 

the school design needs and requirements are at the briefing stage (Appendix B). A lot 

of back and forth e-mails and calls were necessary to reach the right respondents. The 

emails were sent to 440 councils distributed throughout the UK: 354, 32, 32, and 22 in 

England, Scotland, North Ireland and Wales respectively. As a result, it was found out 

that only 151 of 440 local authorities work on building new school projects. The other 

289 councils claimed that it is the responsibility of the county council of their regions to 

build a new school projects. Out of these 151 councils, 200 respondents either expressed 
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their wish to answer the survey or were chosen by others to be the responsible person to 

contact. In other words, a number of the respondents replied that they were happy to 

take part in the survey as they are in the position to do that and others were 

recommended by their councils as the right people to contact. These second groups of 

contacts in the sample have a range of occupations such as project managers, 

educational managers, architects, designers, technical managers, BSF (Building Schools 

for the Future) program managers and strategy managers.                        

 

In brief, 400 external architectural consultants and 200 council representatives formed 

the survey’s sample. Table 6.2 shows the summary of the council representatives 

respondents over the UK. 

 

 

 

 
Number of all 

Local 

Authorities 

Number of Local 

Authorities work in 

building new schools 

Percent 

% 

Number of 

respondents 

Response 

percent % 

Scotland 32 32 21% 46 23% 

England 354 95 63% 118 59% 

Wales 22 20 13% 30 15% 

North Ireland 32 4 3% 6 3% 

Total 440 151 100% 200 100% 

Table 6.2 The spread of council respondents over the UK 

  

 

In addition, the on-line questionnaire included a formal first page indicating the title of 

the study, the objectives of the study and the survey, the date of submitting the 

responses and a declaration of confidentiality.  

 

An on-line method was used for the survey in an attempt to enhance the response rate. 

Nachmias & Nachmias (1996) indicates that the online questionnaire in early 

quantitative studies had a higher response rate compared to response rates achieved by 

conventional mail surveys. In addition, the cost of online questionnaire is considerably 

low in terms of both money and time. However, they state that in the online 

questionnaire there is no guarantee for respondent anonymity where their names would 

be automatically included in their reply. Significant time and effort were invested in 

designing the on-line questionnaire. Additionally, a coding system was used to identify 
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the organization or the person who replied to the questionnaire. This coding system was 

based on giving sequential numbers starting from 1, so each respondent was 

accompanied with a specific number as an identification code. It was used to avoid 

engaging these respondents in further rounds of the survey and to know exactly who 

were willing to share in the second stage of the research. 

 

Furthermore, two versions of the questionnaire were produced. The first one was for the 

councils group and the second version was for the architects groups. The difference 

between the two versions was in the way of presenting the questions and the personal 

information section. There was no difference between the two questionnaires in the 

information sought but in the way of asking the question. For architects, the questions 

are directed to explore the clients’ opinions in view of architects’ experience dealing 

with school clients, whereas the council questions sought their opinions as school 

clients. Thus, the information sought was the same i.e. the relative importance of 

schools clients’ design needs and requirements but from two different perspectives 

which are the schools clients (Local Authorities) and the external technical advisors 

(architectural organizations).  

 

 

6.3.   Questionnaire results 

A hundred and fifty one replies were returned within approximately three months of 

being sent out which is 25.17 percent. 35 council representatives and external experts 

apologised in their return for not being able to answer the questionnaire because they 

were either not involved in schools any more or did not have time to complete it.  

 

 

6.3.1.   The response rate of the questionnaire survey  

The expected response rate of a postal questionnaire is within 40 to 60 percent generally 

(Naoum, 1998). However, According to Akintoye (2000), in the construction industry, 

typically the response rate to questionnaires falls between 20 and 30 percent. In 

comparison with other previous studies such as Essa (2007) which reached 41.52 

percent, Carter (2005), 36 percent, Ahadzi (2004), 21 percent and Wong (2001), 16 

percent, 25.17 is an acceptable response rate for a construction survey. 
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Initially, sixty two questionnaires from council respondents and twenty nine 

questionnaires from architectural organisations were returned within approximately 50 

days of being sent out. This low rate of responses can be explained by different reasons, 

such as the fact that the respondents are not familiar with on-line surveys; the on-line 

questionnaire might be filtered as a strange email and went to the junk section rather 

than the inbox of the respondents’ emails and the relatively long completion time for the 

questionnaire which was around 15 to 20 minutes. The low response might also be 

because of a technical reason, which is that at the end of questionnaire the respondents 

were asked to press the submission button, which might have been forgotten by a 

number of them. In addition, the time for launching the questionnaire was between June 

and July, which is the time of an annual holiday for most of the respondents. They 

expressed their excuse for inability to answer the questionnaire on their return because 

of the huge number of emails which they had in their email boxes.  

 

 This low response number pushed for a third round of sending the questionnaire for 

architects and also, a round of phone calls for council respondents. One hundred and 

nine calls were made within three weeks to the different council respondents which 

enhanced the responses of the councils to reach one hundred and four returned 

questionnaires and uncovered some of the reasons of the low responses number such as 

the annual leave and the fact that questionnaires were in the junk section of the 

respondents’ emails. Meanwhile, the third round increased the response number of 

architects to forty seven questionnaires.  

 

A total of one hundred and four council respondents and forty seven architects were 

returned, a total response rate of 52 and 11.75 percent respectively, making the total 

response rate 25.17 percent. However, one chosen design variable from the 88 design 

variables was repeated in two different positions in the questionnaire’s tables to 

discover the reliability of the contacts’ responses. The respondents who rated the 

relative importance of this variable differently were not considered reliable and 

excluded from the analysis. As a result, ten council responses and five architects’ 

questionnaires were excluded from the analysis making the total valid number of 

responses 136 respondents which is 22.67 percent. The different responses frequencies 

and rates between the two groups of the sample are presented in Table 6.3. 
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 No. Sent 

The responses after the 

first two rounds 

The responses after the 

third round 

The total valid 

responses 

Freq Percent Freq Percent Freq Percent 

Council 

Representatives 
200 62 31% 104 52% 94 47% 

External 

Consultants 
400 29 7.25% 47 11.75% 42 10.5% 

Total 

Respondents 
600 91 15.17% 151 25.17% 136 22.67% 

Table 6.3 The response rate of the conducted questionnaire 

 

 

The different valid response rates among councils in England, Scotland, Wales and NI 

is shown in Table 6.4. 

 

 

 No. Sent 
The total valid responses 

Freq Percent 

Scottish Council Representatives 46 24 52.2% 

English Council Representatives 118 60 51% 

Welsh Council Representatives 30 7 23.3% 

NI Council Representatives 6 3 50% 

Total Council Representatives 200 94 47% 

Table 6.4 The response rate of the various UK councils 

 

 

6.3.2.   Questionnaire items scale reliability 

Various techniques are used to study the reliability of the instruments of measurement 

(scales) used in the questionnaire: test- retest and internal consistency (SMT, Layman's 

Guide, 1997). The main section of the questionnaire studied the relative importance of 

the various school clients design needs and requirements which express the overall 

schools client satisfaction. These requirements are classified originally under thirteen 

main categories which cover the main school design requirements. The reliability 

indicates the degree to which the instruments used (scales) measure the same way each 

time they are used under the same circumstances, with the same respondents or subjects. 

However, because of the limitation of the data and the difficulties which accompanied 

getting the sample respondents to answer the questionnaire on two different occasions, 

test-retest analysis was difficult to apply. So studying the reliability was done by 

exploring the internal consistency of the data.  

 

Yu (2002) presents three methods to explore the internal consistency of the data which 

are Cronbach Coefficient Alpha, Kuder Richardson (KR) Formula, or Spilt-half 

Reliability Coefficient. However, Yu emphasises Cronbach Coefficient Alpha over the 
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other two methods. Cronbach Coefficient Alpha represents the ratio between the 

variance of the sum variable (total variable) and the sum of item variances. A low value 

of alpha indicates that the data scales were not homogeneous (Hair et al, 1998). 

 

Cronbach Coefficient Alpha measures the squared correlation between the scale items 

themselves and the general sum scale. In other word, it explores the reliability by 

finding out the ratio of the items variance and their shared variance (covariance). Put 

another way, the higher the inter-correlations among the scale items, the larger the alpha 

values, the higher the scale reliability.  

 

In brief, the higher the value of Cronbach Coefficient Alpha, the stronger correlations 

among the items and their total scales, the better internal consistency, the better 

covariance between the different items. The value of Alpha ranges between zero and 1. 

There is not an agreed cut-off for Alpha, but an acceptable Alpha might be equal or 

above .7 (Nunnally, 2007; Pallant, 2005 and Tabachnick & Fidell, 2001). 

 

Concerning this survey, the internal consistency (Cronbach Coefficient Alpha) was 

taken for each of the general design variables such as accommodation requirements, 

environmental design and sustainability. It was also taken for the total client satisfaction 

with the total 88 design variables. This analysis explores the consistency of the items 

used under each category and the whole set of design variables. 

 
 
 

Reliability Statistics 
Cronbach's 

Alpha 

N of 

Items 

Accommodation requirements .913 17 

Design flexibility and adaptability .645 2 

Architectural design quality .894 11 

External site and school grounds .704 4 

Operation of building .777 3 

Accessibility and inclusion of people with disabilities .892 9 

 Sustainability .852 7 

Building organisation and planning .858 4 

Security, health and safety .899 8 

Building performance .848 6 
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Community involvement .891 4 

Environmental design .932 12 

Total school clients’ satisfaction .981 88 

Table 6.5 Reliability statistics for the survey scales 

 

 

Table 6.5 shows that all coefficients for the different scales used are larger than .7 

except the design flexibility and adaptability variable which is .645. This might be 

because of the low number of items within this scale, but it is still close to .7 and the 

results can be considered to be reliable, since the value of Alpha of total school clients’ 

satisfaction is .981 which is near 1.  

 

Table 6.6 in Appendix B explains the correlations among the different items (variables) 

of scales and their general categories. A low value of correlation (less than 0.3) 

indicates that there is a difference between what the item measures and what the scale as 

a whole does (Pallant, 2005). As the corrected item total correlation values for this data 

are larger than 0.3, this means there is no difference between what the items and scales 

measures. 

 

Consequently, the high value of alpha and the high correlations between the items and 

their total scales indicate the high reliability of the scales used in this survey. 

 

 

6.4.   Analysis of survey data 

Statistical Package for Social Scientists (SPSS 16) was adopted to help in analysing the 

data and obtaining the result. Three main objectives were sought by sending the 

questionnaire. The first aim was to explore and confirm by descriptive and frequency 

analyses the various stated design and briefing documents used by the school clients to 

determine their design needs and requirements. The design requirements are determined 

at the briefing stage of the project life cycle. Also, descriptive analysis and ANOVA 

(One Way Analysis of Variance) were used to achieve the second aim of the survey. 

This was to determine and confirm the eighty eight design and engineering 

requirements established in literature as the requirements that the school clients actually 

ask for at the briefing stage of a project life-cycle for new-build schools. Additionally, 

the third objective was to reduce the 88 design and engineering variables to enhance the 
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response results for the second questionnaire. This reduction objective emerged as a 

result of the low response percentage of current questionnaire, since one of the reasons 

of the low response was the high number of design and engineering variables presented 

in the questionnaire. 

 

Generally, three general types of questionnaire data analyses are used by the SPSS 

program. The first type is descriptive and frequency analyses which describe the data in 

terms of its distribution, central tendency, the spread of sample scores of the various 

variables studied and the plot of distribution of the sample results. The second type is 

correlation analyses which explore the existence of linear and non-linear relationships 

among the variables. The third type is inferential statistics which identifies the incidence 

of statistically significant differences among the different groups within the sample for 

the various continuous variables (Pallant, 2005 and Tabachnick & Fidell, 2001). 

Choosing the right statistical method which can deal with the large number of data is the 

systematic and reliable way to achieve the study objectives. Therefore, for the purpose 

of this study, descriptive and frequency analyses, Factor Analysis (FA), t-test and the 

ANOVA (Analysis of Variance) have been chosen to be generally used. Descriptive and 

frequency analyses were applied to describe the various design and categorical 

variables. Further, factor analysis was employed to discover the statistical relationships 

among the different design variables to categorise and reduce them. The third type of 

analyses, inferential statistics, were made use of to explore the possibility of existing 

statistically significant differences for the different design variables among the different 

groups in the sample and among the various variables themselves. 

 

Thus, three methods were adopted to reduce the number of variables. Choosing the most 

important variables among the whole range of design and engineering variables, 

depending on the ranking method of their means, was the first method. The variables 

whose means were placed between very important and extremely important on the scale 

were chosen. Studying the possibility of significant difference among the chosen 

variables by applying paired t-test analysis was also applied. Additionally, ranking only 

the design variables among each general category was considered as the second method. 

This was considered as a consequence of the results for the mean of the main categories 

in which all means fell between the important and extremely important scale which 

supports the high importance of the overall main variables as criteria to evaluate a new-

build school project. Studying the significant difference between those variables under 
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each category was also applied. The third method employed was factor analysis. This 

method was applied to reduce the number of variables relying on clustering them under 

different general factors. It depends on their variances, correlations and the extent to 

which they express the total data variance. The main aim of this method is to extract the 

lowest number of factors which explain the maximum variance of the original data set. 

FA was applied on the whole set of variables and also within each general category. 

  

 

6.4.1.   Descriptive analyses 

Descriptive analysis is used as a tool to describe the data in terms of its frequencies, 

means, distributions and data ranking (Pallant, 2005; Foster, 2002). In this survey, 

frequency, descriptive and exploratory analyses were used. The frequency analysis was 

employed to study the different categorical variables in terms of their distributions 

within the sample and their maximum and minimum values, while, descriptive analysis 

was applied to describe the different continuous variables (design variables) in terms of 

their means and standard deviations. Finally, exploratory analysis was used to study the 

distribution of the different continuous variables in general and among the different 

groups, the outliers and missing scores. The main aim of descriptive analysis was to 

rank the relative importance of the various design variables generally and within each 

category specifically. 

 

Regarding this sample, it was classified initially into council respondents and external 

consultants. At the same time, as the council respondents occupied different positions 

within their departments such as management, architect and design office, another 

classification was made, which divided them into council management, council 

architects and external architectural consultants. The council respondents are also 

classified into Scottish, Welsh, Northern Irish and English councils. 

 

 

6.4.1.1.   Frequency analysis 

This analysis was employed to explore the distribution of the different groups within the 

sample and also the frequencies of the second question of the survey, which is an 

conformation of the different governmental design documents used by the school clients 

for writing the brief.  
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6.4.1.1.1.   Frequency analysis for the different groups of the sample 

The sample was classified in different ways according to the positions which they held 

and the number of cases in each group. Respondents who are project managers, BSF 

directors and officers, technical managers and officers, design managers, construction 

program managers, business manager, asset managers, planning managers and estate 

managers are grouped as council management respondents. The architects are classified 

as council architects. The others, who are RIBA architects, are considered as external 

consultants. The frequencies and percentages of these groups within the sample are 

presented in Table 6.7. 

 

 

 Sample Groups Frequency Percent Cumulative Percent 

Valid Council Management 80 58.8% 58.8% 

Council  Architects 14 10.3% 69.1% 

External Consultants 42 30.9% 100.0% 

Total 136 100.0%  

Table 6.7 Frequencies & percentages for groups in the sample 

 

 

 

 

Figure 6.4 Percentages for groups in the sample 

 

 

Table 6.7 and Figure 6.4 show that the council management, council architects and 

external consultants groups account for 80, 14 and 42 respectively of the total of 136 

valid respondents. Holt (1998) stated a general requirement of a minimum sample group 

size of 30 for the applicability of the various inferential and factor analyses. The council 

architects group has 14 respondents only, and so they were added to the council 

management group converting the original grouping into council respondents and 

external consultants groups. Also, another choice was dividing the council respondents 

Percentages for groups in the sample

30.9%

58.8%

10.3%

Councils' Management

Councils' Architects

External Consultants
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into respondents from Scotland, Wales, North Ireland and England. The distributions of 

these new groups are presented in Tables 6.8 and 6. 9, and Figures 6.5 and 6.6.       

 
 
 

 
Sample Groups 

Frequency Percent 
Cumulative 

Percent 

Valid Scottish Respondents 24 25.53% 25.53% 

English Respondents 60 63.83% 89.36% 

Welsh Respondents 7 7.45% 96.81% 

NI Respondents 3 3.19% 100.0% 

Total 94 100.0%  

Table 6.8 Frequencies & Percentages of council respondents in the regions of the UK 

 

 

 

Council Respondents and External Consultants’ Frequencies & Percents 

 
Sample Groups 

Frequency Percent 
Cumulative 

Percent 

Valid Council Respondents 94 69.1% 69.1% 

External Consultants 42 30.9% 100.0% 

Total 136 100.0%  

Table 6.9 Frequencies & percentages for council respondents & consultants in the sample 

 

 

 

It is worth stating that the response rate of the council respondents was higher than the 

response rate of the RIBA architectural organisations. The response rates presented in 

Table 6.3 are compared in Figure 6.5, to illustrate them. 

 

 

              

Figure 6.5 Response percentages of council respondents & consultants in the sample 
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This difference might be as a result of several reasons. It could be that the survey 

questions were more important for the council representatives than the architectural 

organisations. This surmise can be supported by the results of the survey’s final 

question: the percentage of the council respondents who asked to receive the results of 

this survey was higher than that of the external consultants, as shown in Table 6.10. 

Furthermore, most of the council respondents were identified as people involved 

specifically in building new school projects rather than in other sectors. This can be 

seen in Table 6.11 which shows that more of the councils’ respondents work in 

education and children departments than in other departments. Table 6.11 is based on 

the results of the personal section of the questionnaire. The council respondents were 

asked about the departments in which they work within their councils. Even those who 

work in other departments declared their considerable experience of working on new 

school projects in their replies to the initial email. However, the education sector was 

only one of several sectors in which the external architectural consultants work. 

 
 
 
 

 
Sample Groups 

Total 
Number Frequency Percent 

Valid Council Respondents 94 66 70.2% 

External Consultants 42 16 38.1% 

Total 136 82 60.3% 

Table 6.10 Frequencies & percentages for respondents who asked to receive the survey results  
 

 
 
 

 Respondents 

Departments Frequency Percent 
Cumulative 

Percent 

Valid Education & childrens’ 

Department 
47 52.2% 52.2% 

Other Departments 43 47.8% 100.0% 

Total 90 100.0%  

Table 6.11 Frequencies and Percentages for the different respondents departments  

 

 

Consequently, although there were several groups of the respondents within the sample, 

the low number of respondents in each group reduced the number of groups to only two 

main groups: council respondents and external consultants. Further, more council 

respondents were willing to answer the survey and ask to receive the results than the 

external consultants, as they were involved specifically in building new schools in 
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compared with the other group which were involved in more than one educational 

sector. 

 

 

6.4.1.1.2. Frequency analysis for the various design and briefing documents used by 

the respondents  

 

Section 2: Do you use any of these documents as a guide for determining the different design needs? 

Please tick as many as relevant. Or for architects: Are you aware of your clients using any of these 

documents for determining their different design needs? Please tick as many as relevant. 

 

The main aim of this question was to determine which of the various available 

governmental designing and briefing documents was actually used by the clients in 

design and writing the brief for new build school projects. These were those which were 

employed as literature review tool to construct the various design variables presented in 

the questionnaire. The question indicated School Design :Building Our Future (BOF), 

Assessing Secondary  School Design Quality (ASSDQ), General Design Brief for Post-

Primary Schools (GDBPPS), Briefing Framework for Primary & Secondary schools 

(BB98,99), Building Bulletin 95:Design for Learning Community (BB95), Creating 

Excellent Secondary Schools (CESS), Design Quality Indicators for Schools (DQIS), 

Quality Indicators for Designing Schools (QIDS) and Different Post Occupancy 

Evaluation Methods (POE) as the main school design and briefing documents. It also 

included previous experience, (PEXP) which the councils have in designing and writing 

briefs for new build schools as an alternative tool to these documents. On other words, 

PEXP means that the school clients use their experience to design and write the brief for 

new build schools rather than using the other documents. Further, it left a space for 

additional documents which are used by respondents but were not stated in the question. 

The results for this question are presented in Table 6.12 and Figure 6.6.  

 

 
 

 
All Councils External Architects 

Yes No Yes No Yes No 

PEXP 85.3% 14.7% 86.2% 13.8% 83.3% 16.7% 

BOF 55.9% 44.1% 59.6% 40.4% 47.6% 52.4% 

ASSDQ 26.5% 73.5% 26.6% 73.4% 26.2% 73.8% 

GDBPPS 19.9% 80.1% 20.2% 79.8% 19% 81% 

BB98,99 77.2% 22.8% 84% 16% 61.9% 38.1% 

BB95 52.2% 47.8% 54.3% 45.7% 47.6% 52.4% 

CESS 26.5% 73.5% 25.5% 74.5% 28.6% 71.4% 
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DQIS 54.4% 45.6% 58.5% 41.5% 45.2% 54.8% 

QIDS 25.7% 74.3% 26.6% 73.4% 23.8% 76.2% 

POE 30.9% 69.1% 36.2% 63.8% 19% 81% 

Table 6.12 Percentage for the design and briefing documents used 

 

 

 

 

Figure 6.6 Percentage for the design and briefing documents used 

 

 

It can be seen from Table 6.12 and Figure 6.6 that these documents are used by the 

various school clients (the councils) in different percentages. They used BB98, 99 and 

BB95 more than the other documents and that might be because these documents are 

designing regulations, rather than guidance, as are the other documents.  

 

In addition, the respondents widely employ their experience and own documents in 

writing the brief for new build schools. The reason for that might be regarding trust 

issues. However, even those who use their experience and their own documents, still 

use the other stated governmental published documents as guidance, as illustrated by 

Table 6.13 and Figure 6.7.    

 

 
Using any document in addition to experience 

 
Depending only on their 

experience (Just EXP) 

Guided by Published 

documents (EXPAND) 

Council respondents 3.7% 96.3% 

External architectural consultants 5.9% 94.1% 
Table 6.13 The percentage of respondents using published documents in addition to their experience 
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Figure 6.7 The percentage of respondents using published documents in addition to their experience 

 

 

The respondents were given the chance to present other documents used as a help tool 

to write the brief. Another outcome emerged from that, which is presented in Table 6.14 

and Figure 6.8. 

 

 

 

Figure 6.8 Percentage using other documents not stated previously 

 
 
 

Using Other Documents not stated previously  

  
Frequency Percent 

Cumulative 

Percent 

Valid No 104 76.5% 76.5% 

Yes 32 23.5% 100.0% 

Total 136 100.0%  

Table 6.14 Frequencies & percents of using other documents  
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It can be noticed from Table 6.14 and Figure 6.8 that only 23.5% of the respondents 

stated that they use further design documents than those previous stated for designing 

and writing the brief for new build schools.   

 

As a result, it can be seen that the previous listed published documents are really used 

widely by the school clients for designing and writing the brief of new build school 

projects. They use them as guides, together with their experience in writing briefs. 

Further, this confirms that the previously stated design documents were appropriate 

tools to be used by the researcher in extracting the various schools clients’ design needs 

and requirements. 

 

 

6.4.1.2.  Descriptive and exploratory analyses 

Descriptive analyses were used to describe the continuous variables which are, for the 

purpose of this survey, the relative importance of the school designing variables (the 

third survey questions). Means, standard deviations and normality were used to describe 

these types of variables. Means and standard deviations were employed to rank the 

various design variables in terms of their relative importance. 

 

Several statistical analyses and tests need continuous variables to be normally 

distributed, so prior to analysing the data, a screening of the continuous variables for 

normality was applied by means of a Kolmogrove-Smirnov test. The Kolmogrove-

Smirnov test assesses the normal distribution of the quantitative data (Pallant, 2005 and 

Green et al, 2000). A non-significant result (Sig.value of more than 0.05) of 

Kolmogrove-Smirnov test indicates the normal distribution of the studied variables 

(Tabacknick and Fidell, 2001 and Green et al., 2000). Moreover, the value of zero to 

both skewness and kurtosis indicate the normality. The sign of the skewness value also 

indicates the skewness to be a positive or negative distribution. In addition, histograms 

of the variables can be used to study the normality of the variables’ distributions 

(Pallant, 2005; Tabachnick and Fidell, 2001). In this survey, the variables indicate a 

significant result for the Kolmogrove-Smirnov test and a non-zero value of skewness 

and kurtosis which indicate that the distributions of the various design variables are not 

normal. Also, most of the variables have negatively skewed distributions, which 

indicate the high frequencies of the respondents on the high scores. Normal distribution 

of the variables’ scores is not always required. The most important point is that the 
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studied variables which have positive and negative distributions should not be together 

in the same analysis. However, normal distributions create more robust results 

(Tabachnick and Fidell, 2001; Green et al., 2000). There are two solutions for the non-

normal variables to be used in analyses requiring normal distribution of the variables. 

The first method is transforming the variables to be normal, by a series of several 

mathematical equations. The second choice is applying non-parametric techniques 

instead of parametric techniques. If parametric analyses are used with non-normal 

variables, non-significant solutions should be considered (Pallant, 2005; Tabachnick 

and Fidell, 2001). 

  

For missing values, only two design variables of the 88 have missing scores, which 

comprise more than 5% of the total number of cases. For a number of analyses these 

values should be taken into account (Tabachnick and Fidell, 2001).           

 

 

Section 3: At the briefing stage, several main design requirements are determined by the client for 

new-build schools. As client could you please specify and rank the following requirements which 

the design should achieve for current new-build schools in general? Or at the briefing stage, several 

main design requirements are determined by the client for new-build schools. From your 

experience, to what extent are the following design requirements important for the school clients 

for current new-build schools in general? Please rank in scale 1 to 5 or 0 to 5    

 

The respondents to the questionnaire were asked to consider each variable of school 

design requirements determined at the briefing stage and assess its importance for a 

typical new-build school project. Table 6.15.1 in Appendix B presents the various 

design and engineering variables with their codes. A five-fold Likert scale was 

employed for the responses, which ranges from not important (1) to extremely 

important (5). The respondents were also asked to give a value of zero for those 

requirements that are not asked at the briefing stage. The resulted means and standard 

deviations of the questionnaire responses are presented in Table 6.15.2. Table 6.15.2, 

also, presents the percentage of the respondents who gave the variable an extremely 

important rank. 

 

88 design and engineering requirements were assessed in terms of their relative 

importance for school clients (councils) for new build school projects. These 

requirements were classified originally by the researcher under 13 categorical variables 
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which are accommodation requirements, design flexibility and adaptability, 

architectural design quality, external site and school grounds, operation of building, 

accessibility and inclusion of people with disabilities, sustainability, building 

organisation and planning, safety, health and security, building performance, 

community involvement, environmental design and overall building value for money 

(Chapter 3). 

 

Tables 6.15.2 presents the main results of the descriptive analysis applied on the eighty 

eight design and engineering variables, which are: their means, standard deviations and 

highest scores frequencies. 

 

 

Variable Name 
Mean Std.Deviation 

Frequency Percent 

Extremely Important 

The provision of internal teaching and learning 
spaces 

4.72 .555 104 77% 

Overall building value for money 4.42 .734 69 55.6% 

Spaces and design that fulfil the curriculum needs 4.37 .789 74 54.8% 

Design that enhances learning and teaching 
performance 

4.33 .856 70 52.2% 

Inclusive internal & external access for all 4.29 .868 70 52.6% 

Efficient energy usage 4.27 .727 56 41.5% 

Maximising the use of natural day light 4.18 .905 58 43% 

Design attains ease of movement through building & 
site for all 

4.17 .927 61 45.2% 

Design receives overall client's and users' satisfaction 4.16 .806 53 39.6% 

The provision of internal physical and sport spaces 4.16 .77 49 37.1% 

The provision of external physical and sport spaces 4.13 .722 41 30.8% 

Minimise energy cost  4.12 .912 50 38.2% 

Adequate ventilation (good air quality) for all day, all 
year 

4.12 .91 55 41.1% 

Maximising the use of natural ventilation 4.12 .962 55 40.7% 

Safe & secured building entrance 4.11 .873 50 37.3% 

Design that accommodates good ICT infrastructure 4.10 1.007 59 44.4% 

Safe & secured internal & external movement 4.08 .826 46 34.6% 

Safe site is created 4.03 .879 43 32.3% 

Internal & external circulation satisfy people with 
disabilities 

4.02 .826 41 30.8% 

Flexibility of design and spaces 4.01 .824 40 29.6% 

Thermal comfort for all day, all year 4.00 .898 44 32.6% 

Adequate lighting for all day, all year 3.99 .992 43 31.9% 

Entrance is welcoming and easily identified 3.99 1 50 37.3% 
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Internal & external design enhances student 
motivation 

3.99 .894 46 34.3% 

Environment which enhances pupils motivation and 
achievement 

3.99 1.033 51 38.1% 

Durable elements & components (Long life) 3.97 .837 36 26.7% 

Ease of building and site maintenance 3.95 .841 39 29.6% 

Well balanced natural and artificial lighting 3.93 .919 40 29.9% 

Acoustic performance in the different areas 3.93 .906 39 29.3% 

Mechanical systems which do not disturb the learning 
activities  

3.93 1.034 43 31.9% 

Design which creates pleasurable environment for 
students to study 

3.93 .955 43 32.1% 

Design creates welcoming school 3.90 .933 41 30.4% 

Design attains a good relationship between spaces 
(Spatial relationship) 

3.87 1.006 38 28.2% 

Minimise maintenance cost 3.86 .845 35 26.5% 

Site which is enough to meet educational needs 3.81 .976 37 27.8% 

Spaces which enhance variety of learning 3.81 .904 32 24.4% 

The provision of external learning spaces 3.81 .868 33 24.4% 

Design which allows for internal & external 
supervision of users 

3.81 .946 35 26.1% 

Well balanced natural and mechanical ventilation 3.79 .935 31 23.1% 

Specific design features for people with disabilities 3.78 1.07 41 30.4% 

Inclusion of welfare spaces to support people with 
disabilities  

3.76 1.027 35 26.1% 

Design which achieves building ease of use 3.76 .942 26 22.6% 

Safe approach to the school 3.75 .979 31 23.1% 

Well controlled relationship between thermal comfort 
and ventilation 

3.74 .946 29 21.5% 

Spatial arrangements that enhance student creativity 3.73 .938 28 21.1% 

Adequate security for community use 3.72 .953 30 22.4% 

The provision of spaces for internal & external 
movement 

3.72 .906 25 18.7% 

Sustainable materials specified 3.70 .925 25 18.5% 

Well proportioned internal & external spaces 3.68 .972 27 20.3% 

Well organised site 3.67 .97 23 17% 

The provision of internal non-teaching spaces 3.66 .935 27 20.2% 

Attractive and appealing internal appearance 3.62 .929 23 17% 

High environmental features for people with 
disabilities 

3.62 1.133 30 22.2% 

Integration of engineering services within design 3.59 1.088 31 23% 

Attractiveness of spaces 3.56 .972 22 16% 

The provision of ancillary spaces 3.56 .872 19 14.2% 

Design of site (site layout) is adaptable 3.56 .998 22 16.3% 

Attractive and appealing external appearance 3.56 .967 21 15.6% 

Internal and external planning efficiency 3.55 .928 19 14.1% 

Linking well between indoors and outdoors 3.55 .975 20 14.8% 

The provision of internal & external spaces for social 
activities 

3.51 .94 14 10.4% 



Chapter 6: UK School client prioritised design needs and requirements 

 

217 

 

Lighting which is easily controlled by users 3.50 .984 21 15.6% 

Well supervised personal spaces 3.48 1.017 18 13.4% 

Outdoor learning environmental features 3.46 .89 16 11.9% 

Design which achieves diversity of use 3.44 1.012 18 13.3% 

Access for public and private transportation 3.44 .946 19 14.2% 

Ventilation which is easily controlled by users 3.42 1.039 22 16.3% 

Good neighbourhood identity (Building is a centre of 
community) 

3.40 1.094 18 13.3% 

Importance of location of building on the site 3.40 1.094 25 18.5% 

Building makes the most of site features & 
topography 

3.39 1.08 19 14.1% 

Clear boundaries of the site 3.38 1.042 21 15.8% 

Internal & external design enhances social activities 3.37 1.044 16 11.9% 

Easy and adequate physical access for community 3.34 1.069 17 12.7% 

Minimising the mechanical & electrical systems 3.31 1.192 21 15.7% 

The provision of way finding principles 3.31 1.113 16 12.1% 

Adaptable to climate change 3.30 1.239 21 15.7% 

The provision of services facilities 3.29 .901 13 9.8% 

Spaces for community use and out of hours use 3.28 1.051 15 11.2% 

The provision of external spaces for non-learning 
purposes 

3.27 .918 16 11.9% 

Patterns of use relate to the disposition of spaces and 
activities 

3.26 1.15 14 10.4% 

Internal & external design encourages community use 3.25 1.098 14 10.4% 

Temperature which is easily controlled by users 3.25 1.183 21 15.6% 

School encourages interactive relationship with 
community organisations  

3.21 1.177 16 11.9% 

Dedicated designed landscaping 3.13 .94 10 7.6% 

Shared sport spaces to meet needs of the proposed 
school and other schools 

2.84 1.188 10 7.5% 

High profile public presence 2.76 1.035 6 4.5% 

Exterior design indicates the interior function 2.42 1.214 7 5.3% 

Design which gives a homely feeling 2.24 1.143 3 2.3% 

Table 6.15.2 Ranking the various design & engineering needs according to their importance 

 

 

Table 6.15.2 shows that the respondents emphasis most of the design and engineering 

variables. The relative importance means of most variables falls between the important 

and extremely important values. In other words, the differences among the means of the 

various variables are relatively small and that leads for the need to study the significant 

statistical differences among the various means by using t-test statistical analysis. 

 

In fact, at first sight, the respondents prioritise the variables that achieve the main 

function of the school projects, which is education. They stress the provision of internal 
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teaching and learning spaces, spaces and design that fulfill the curriculum needs and 

design that enhances learning and teaching performance. They also weight highly the  

accessibility and safety for pupils, in terms of circulation and movement such as 

inclusive internal & external access for all, design attains ease of movement through 

building & site for all, safe & secured building entrance, safe & secured internal & 

external movement, safe site is created and internal & external circulation satisfy people 

with disabilities. Moreover, they are concerned with the ventilation and thermal comfort 

over other environmental issues. Lastly, they do not overlook overall value for money 

and design gets the overall client's and users' satisfaction.  

 

According to the standard deviations (SD), the most important variable, which is the 

provision of internal teaching and learning spaces, gets the lowest SD (056) among the 

various design and engineering needs. This SD is relatively small compared with the 

mean and indicates that the variable mean is an accurate representation of its rating. The 

slight differences among the other variables’ SD, which range between (072- 1.239), 

show that the mean could be considered as a reliable tool to rank these variables. 

 

Regarding the general categorical variables under which the previous design variables 

are grouped, Table 6.16 and Figure 6.9 illustrate their relative importance, again by 

using means, SD and frequencies again.  

 

 

Variable Name  Mean Std.Deviation Frequency Percent 

Overall building value for money 4.42 0.734 69 55.6% 

Mean of total operation of building 3.98 0.72006 48 36.6% 

Mean of total building performance 3.89 0.73364 61 46.2% 

Mean of total sustainability 3.84 0.71793 52 38.8% 

Mean of total accessibility & 
inclusion disability 

3.83 0.73646 56 44.4% 

Mean of total health & safety and 
security 

3.81 0.71242 50 38.2% 

Mean of total environmental design 3.81 0.7413 52 39.7% 

Mean of total design flexibility & 
adaptability 

3.78 0.78609 33 24.4% 

Mean of total accommodation 3.72 0.58801 43 35.2% 
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Mean of total building organization 
& planning 

3.58 0.86101 34 25.4% 

Mean of total community 
involvement 

3.42 0.93301 27 20.1% 

Mean of total architectural design 3.33 0.71175 35 31% 

Mean of total external site & school 
design 

3.21 0.73695 13 9.9% 

Table 6.16 Ranking of general design & engineering needs according to their importance 
 

 

 

Figure 6.9 Ranking of general design & engineering needs according to their importance 

 

 

Table 6.16 and Figure 6.9 demonstrate the high importance of VFM, safety, operation 

of building, building performance and sustainability over the other factors. However, 

the factors are all still in the range between important and extremely important. In 

addition, accommodation requirements, architectural design quality and accessibility 

and inclusion of people with disabilities have the highest percentages of missing values 

which are 10.3%, 16.9% and 7.4% respectively. However, there is no obvious system 

for these missing values which means their distributions can be considered arbitrary. As 

result, no action has to be taken and the missing values would not affect the applied 

analyses (Pallant, 2005). 

 

The relatively low values of SDs indicate the reliability of using the values of means to 

rank the different factors.     
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A further outcome emerged from the results of the descriptive analysis of the design 

requirements importance. The different percentages of the variables being “not asked” 

at the briefing stage by the school clients should be considered. Within the ranking 

scale, the respondents were asked to choose the option Not Asked for those variables 

which are not requested by the school clients at the briefing stage. The frequencies and 

percents of those results are presented in Table 6.17. Those variables which received 

zero percent are excluded from the table. 

 

 
  

Variables 
Not asked 

Frequency Percent 

Design which gives a homely feeling 11 8.3% 

Exterior design indicates the interior function 8 6% 

Patterns of use relate to the disposition of spaces and activities 8 6% 

Adaptable to climate change 7 5.2% 

A school encourages interactive relationship with community organisations  6 4.4% 

Adherence to way finding principles 5 3.8% 

High standard of environmental features for people with disabilities 5 3.7% 

Minimising the mechanical & electrical systems 5 3.7% 

Well supervised personal spaces 4 3% 

Building makes the most of site features & topography 4 3% 

Internal & external design encourages community use 4 3% 

Good neighbourhood identity. (Building is a centre of community) 3 2.2% 

Inclusion of welfare spaces to support people with disabilities  3 2.2% 

Specific design features for people with disabilities 3 2.2% 

Linking well between indoor and outdoor 3 2.2% 

Internal & external design enhances social activities 3 2.2% 

Easy and adequate physical access for community 3 2.2% 

Mechanical systems which do not disturb the learning activities  3 2.2% 

Design of site (site layout) is adaptable 2 1.5% 

Design which achieves diversity of use 2 1.5% 

Internal and external planning efficiency 2 1.5% 

High profile public presence 2 1.5% 

Integration of engineering services within design 2 1.5% 

Entrance is welcoming and easily identified 2 1.5% 

Design attains a good relationship between spaces (Spatial relationship) 2 1.5% 

Well organised site 2 1.5% 

Clear boundaries of the site 2 1.5% 

Safe approach to the school 2 1.5% 

Internal & external design enhances student motivation 2 1.5% 

Well balanced natural and mechanical ventilation 2 1.5% 

Environment which enhances pupils motivation and achievement 2 1.5% 

Well controlled relationship between thermal comfort and ventilation 2 1.5% 
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Attractiveness of spaces 1 .8% 

Adequate ventilation (good air quality) for all day, all year 1 .8% 

Attractive and appealing internal appearance 1 .7% 

Attractive and appealing external appearance 1 .7% 

Importance of location of building on the site 1 .7% 

Site which is large enough and designed well to meet educational needs 1 .7% 

Minimise energy cost  1 .7% 

Design attains ease of movement through building & site for all 1 .7% 

Access for public and private transportation 1 .7% 

Durable elements & components (Long life) 1 .7% 

Maximising the use of natural daylight 1 .7% 

Maximising the use of natural ventilation 1 .7% 

Sustainable materials specified 1 .7% 

Safe & secured building entrance 1 .7% 

Adequate security for community use 1 .7% 

Safe site is created 1 .7% 

Design enhances learning and teaching performance 1 .7% 

Well balanced natural and artificial lighting 1 .7% 

Adequate lighting for all day, all year 1 .7% 

Lighting which is easily controlled by users 1 .7% 

Thermal comfort for all day, all year 1 .7% 

Temperature which is easily controlled by users 1 .7% 

Acoustic performance in the different areas 1 .7% 

Ventilation which is easily controlled by users 1 .7% 

Table 6.17 Frequencies and percentages of the design & engineering variables being “ not asked” 

 

 

Table 6.17 specifies that the variables which got the highest percentages of Not Asked 

options were: design which gives a homely feeling, exterior design indicates the interior 

function, patterns of use relate to the disposition of spaces and activities, adaptable to 

climate change and school encourages interactive relationship with community 

organisations. Those variables received 8.3%, 6%, 6%, 5.2% and 4.4% respectively. 

Even though these percentages are relatively low, they put these variables at the bottom 

of the ranking order. So the results indicate the low importance of these variables, but 

they do not conclude their absence in the briefing documents.  

 

Consequently, the whole set of design and engineering variables stated in the 

questionnaire are in fact asked and required at the briefing stage by the school clients, 

who are the various educational departments of UK councils,. These relative importance 

means are indicated to be between important to extremely important on the scale. These 

results confirm that these requirements are really the design and engineering 
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requirements for new build school projects required at the briefing stage. Thus Table 

6.15.2 could be relied on as a template for the various UK councils to write the brief for 

the new build schools and as evaluation tool for the existing schools. 

 

However, the main aim of the whole research is building a function based cost model to 

estimate the cost of new build school projects at early stages of the project life cycle. 

The proposed cost model would rely on the previously stated variables, but as a result of 

the low response rate for this questionnaire, a reduction in the number of variables was 

proposed.   

 

 

6.4.2.   Statistical analyses 

As stated previously, reducing the 88 design and engineering variables to enhance the 

response results for the second questionnaire was the third objective of the analyses 

conducted. The need for reducing the variables emerged as a result of the low response 

percentage of this questionnaire, as one reason for the low response was the high 

number of design and engineering variables presented in the questionnaire. 

 

Three methods were adopted to reduce the number of variables. Choosing the most 

important variables among the whole range of design and engineering variables 

according to the ranking of their means was the first method. The variables whose 

means were placed between very important and extremely important on the scale were 

chosen. Studying the possibility of significant differences among the chosen variables 

by applying t-test analysis was also considered. Moreover, ranking only the design 

variables within each general category was considered as the second method. This 

method was considered as consequence of the means of the results of the main 

categories. Considering the resulted means of the general categories, all means fell 

between important and extremely important on the scale, which supports the high 

importance of the whole set of main variables as criteria to evaluate a new-build school 

project. Studying the statistically significant differences among those variables within 

each category was also applied. The third method employed was the factor analysis 

method. This method was applied to reduce the number of variables, relying on 

clustering them under different general factors. It depends on their variances, 

correlations and the extent to which the variables express the total data variance. The 

main aim of this method was to extract the lowest number of factors which explain the 
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maximum variance of the original data set. FA was applied on the whole variables set 

and also in each general category. 

 

 

Paired samples t-test analysis method 

The main aim of this method is to rank the different design and engineering 

requirements relying on the means of their importance. The intention was to choose the 

variables whose means fall between very important and extremely important on the 

scale. Table 6.15.2 shows the ascending sorting of the various design and engineering 

variables means, with their accompanied standard deviations. 

 

Table 6.15.2 shows that the most important variables among the whole set of design and 

engineering variables are : the provision of internal teaching and learning spaces 

(ACCOM1); overall building value for money (VFM); spaces and design that fulfil the 

curriculum needs (ACCOM16); design enhances learning and teaching performance 

(PERFOR2); inclusive internal & external access for all (ACCESS1); efficient energy 

usage (SUSTAIN2); maximising the use of natural day light (SUSTAIN3); design 

attains ease of movement through building & site for all (ACCESS2); design receives 

the overall client and user satisfaction (PERFOR5); the provision of internal physical 

and sport spaces (ACCOM5); the provision of external physical and sport spaces 

(ACCOM6); minimise energy cost (OPER2); maximising the use of natural ventilation 

(SUSTAIN4); adequate ventilation (good air quality) for all day, all year (ENVIRO8); 

safe & secured building entrance (SAFETY3); design that accommodates good ICT 

infrastructure (PERFOR1); safe & secured internal & external movement (SAFETY2); 

safe site is created (SAFETY8); internal & external circulation satisfy people with 

disabilities (ACESS7); flexibility of design and spaces (DESIGN2); thermal comfort for 

all day, all year (ENVIRO4). Also, the small values of SDs of these variables indicate 

that their means are expressing the respondent population’s opinions rationally.  

  

However this table does not tell if there is a really significant difference between those 

variables and the others. As result, paired samples t-test analysis was conducted to study 

the difference among the selected design and engineering variables and the whole set of 

design and engineering variables. 
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A- Assessing the suitability of the data to apply paired samples t-test analysis 

There are a few assumptions should be met to prevent violations of the analysis. The 

sample is a random sample which is derived from the different UK local authorities’ 

representatives and UK consultants. The observations were also independent, in that 

none of the respondents might be affected by any other respondents in any way. 

Moreover, all design and engineering variables depend on the same continuous scale 

(0=Not asked to 5= extremely important) (Tabachnick and Fidell, 2001, Stevens, 1996)  

 

For a large sample, i.e. larger than 100, the normality of the variables’ distributions is 

preferable but not essential for this analysis. These types of analyses are robust, even 

though the normality of the variables distributions is not achieved; especially when the 

sample size is higher than 30 for each cell or group (Tabachnick and Fidell, 2001; 

Gravetter & Wallnau, 2000; Stevens, 1996). 

 

Furthermore, the percentages of the missing values of the variables are less than 5 

percent, which does not affect the test. Regarding the power of the test, it was not 

violated and not of issue because of the sample size, which is higher than 100 

(Tabachnick and Fidell, 2001). 

 

The eta squared coefficient was adopted to study the effective size (strength of 

association). It represents the proportion of variance of the dependent continuous 

variables that is explained by the independent categorical variable. In a large sample, 

even small differences might be of statistical significance, but it does not mean it is of 

practical significance. Effective size coefficient gives an indication of the presence of 

practical significance. Cohen (1988) stated that eta squared coefficients equal to .01, .06 

and .14 give small, moderate and large effective sizes respectively. 

 

 

B- Applying paired samples t-test analysis 

 When it comes to apply the t-test, four values are sought which are degree of freedom 

(sample size-1), t value, two-tailed p and eta squared coefficient. Degree of freedom and 

t value are used to obtain eta squared coefficient, while, two tailed p (alpha level) is 

sought to study the statistical significance of the difference. If two tailed p is equal or 

smaller than 0.05, there is a significant difference between the two studied variables. All 
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paired samples t-test results are presented in Tables 6.18, 6.19, 6.20, 6.21, 6.22 and 

6.23) in Appendix B 

 

Those tables indicate significant difference of the mean values of the relative 

importance of ACCOM1, VFM, ACCOM16, ACCESS1, ACCESS2, SUSTAIN2, 

SUSTAIN3, and PERFOR5 from the other design variables. However, the mean values 

of the relative importance of ACCOM5, ACCOM6, DESIGN2, OPER2, ACCESS7, 

SUSTAIN4, SAFETY2, SAFETY3, SAFETY8, PERFOR1, PERFOR2, ENVIRO4 and 

ENVIRO8 do not have a statistically significant difference from the others. In terms of 

practical significant difference, most of the mean values of the importance of the chosen 

variables have significant differences from the other variables with moderate effects. So 

extracting the design variables whose mean values for  importance fall between very 

important and extremely important on the scale and have statistically significant 

differences from the remaining variables, was not possible. Further, as stated 

previously, the all mean values of the importance of the categorical variables fall 

between important and extremely important. As a result, it is found fair to apply the 

paired samples t-test on the variables within each categorical variable. Only the 

variables which have the mean values of the relative importance falling between very 

important and extremely important and also have statistically significant differences 

from the other variables in the same category are chosen. 

 

 

Paired samples t-test analysis method for the variables under each main 

categorical variable 

Paired samples t-test was applied for the variables under each categorical variable. The 

complete results are presented in Tables (6.24 to 6.36) in Appendix B. 

 

Those tables indicate the design variables which have the highest relative importance 

among the other variables in their categories and have statistically significant 

differences from them. They reveal that 35 design variables have higher relative 

importance than the other design variables of their own category with statistically 

significant differences. Table 6.37 shows these 35 variables and the codes allocated to 

them. 
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Variable Name 
Variable 

Code 
Variable Name Variable Code 

The provision of internal 
teaching and learning spaces 

ACCOM1 

Design attains a good 
relationship between spaces 
(Spatial relationship) 

PLAN1 

Spaces and design that fulfil the 
curriculum needs 

ACCOM16 
Safe & secured building 
entrance 

SAFETY3 

The provision of internal 
physical and sport spaces 

ACCOM5 
Safe & secured internal & 
external movement 

SAFETY2 

The provision of external 
physical and sport spaces 

ACCOM6 Safe site is created SAFETY8 

Flexibility of design and spaces DESIGN2 
Design enhances learning and 
teaching performance 

PERFOR2 

Design which creates 
pleasurable environment for 
students to study 

ARCHD10 
Design receives the overall 
client's and users' satisfaction 

PERFOR5 

Design which achieves building 
ease of use 

ARCHD7 
Design that accommodates 
good ICT infrastructure 

PERFOR1 

Site which is large enough  and 
designed well to meet 
educational needs 

EXTER3 
Internal & external design 
enhances student motivation 

PERFOR3 

Minimise energy cost  OPER2 
Design creates welcoming 
school 

COMM4 

Ease of building and site 
maintenance 

OPER3 
Adequate ventilation (good air 
quality) for all day, all year 

ENVIRO8 

Inclusive internal & external 
access for all 

ACCESS1 
Thermal comfort for all day, all 
year 

ENVIRO4 

Design attains ease of 
movement through building & 
site for all 

ACCESS2 
Adequate lighting for all day, 
all year 

ENVIRO2 

Internal & external circulation 
satisfy people with disabilities 

ACCESS7 

Environment which enhances 
pupils motivation and 
achievement 

ENVIRO10 

Entrance is welcoming and 
easily identified 

ACCESS3 
Well balanced natural and 
artificial lighting 

ENVIRO1 

Efficient energy usage SUSTAIN2 
Acoustic performance in the 
different areas 

ENVIRO6 

Maximising the use of natural 
day light 

SUSTAIN3 

Mechanical systems which do 
not disturb the learning 
activities  

ENVIRO12 

Maximising the use of natural 
ventilation 

SUSTAIN4 
Overall building Value for 
Money 

VFM 

Durable elements & 
components (Long life) 

SUSTAIN1  

Table 6.37 The selected design variables with the highest relative importance 

 

 

These variables were chosen to be the main variables to be used in the second survey. 

This survey is conducted to evaluate the various existing UK primary and secondary 

schools which are registered in BCIS (Building Cost Information Services) project cost 

data. 

 

However, the previously stated design requirements are chosen depending on their 

relative importance in the perceptions of the whole sample of respondents. The previous 
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analyses do not distinguish among the different types of respondents, i.e. Scottish, 

English, Welsh, Northern Irish councils and the external consultants. 

  

Means procedures were, also, used to compare the difference in the relative importance 

of the chosen design and engineering variables among the different UK councils and 

external consultants, as shown in Table 6.38.1. Welsh and NI council respondents were 

excluded from the analysis because of the very low response rate. It was recommended 

by Tabachnick and Fidell (2001) that most of statistical analyses seek 30 cells for each 

group included in the analysis. Because only seven and three respondents from Welsh 

and NI councils respectively answered the questionnaire, they were excluded from the 

following statistical analyses. 

 

 
 

Design Variables Code Scotland England 
External 

consultants 

The provision of internal teaching 
and learning spaces 

ACCOM1 4.83 4.75 4.57 

The provision of internal physical 
and sport spaces 

ACCOM5 4.62 4.19 3.79 

The provision of external physical 
and sport spaces 

ACCOM6 4.46 4.12 3.88 

Spaces and design that fulfil the 
curriculum needs 

ACCOM16 4.71 4.53 3.86 

Flexibility of design and spaces DESIGN2 3.96 4.19 3.79 

Design which achieves building 
ease of use 

ARCHD7 3.83 4.03 3.32 

Design which creates pleasurable 
environment for students to study 

ARCHD10 3.87 4.27 3.48 

Site which is enough to meet 
educational needs 

EXTER3 3.96 3.95 3.59 

Minimise energy cost OPER2 4.08 4.18 4 

Ease of building and site 
maintenance 

OPER3 4.04 3.98 3.78 

Inclusive internal & external access 
for all 

ACCESS1 4.67 4.47 3.78 

Design attains ease of movement 
through building & site for all 

ACCESS2 4.5 4.37 3.71 

Entrance is welcoming and easily 
identified 

ACCESS3 4.25 4.1 3.71 

Internal & external circulation 
satisfy people with disabilities 

ACCESS7 4.38 4.15 3.6 

Durable elements & components 
(Long life) 

SUSTAIN1 3.92 4.1 3.79 

Efficient energy usage SUSTAIN2 4.38 4.41 4 

Maximising the use of natural 
daylight 

SUSTAIN3 4.33 4.29 3.98 
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Maximising the use of natural 
ventilation 

SUSTAIN4 4.42 4.29 3.76 

Design attains a good relationship 
between spaces. (Spatial 
relationship) 

PLAN1 4 4.05 3.57 

Safe & secured internal & external 
movement 

SAFETY2 4.29 4.12 3.88 

Safe & secured building entrance SAFETY3 4.38 4.12 4 

Safe site is created SAFETY8 4.17 4.14 3.83 

Design that accommodates good 
ICT infrastructure 

PERFOR1 4.38 4.34 3.56 

Design enhances learning and 
teaching performance 

PERFOR2 4.62 4.47 4.02 

Internal & external design enhances 
student motivation 

PERFOR3 4.38 4.15 3.63 

Design gets the overall client's and 
users' satisfaction 

PERFOR5 4.25 4.17 4.05 

Design creates welcoming school COMM4 4.12 4.12 3.5 

Well balanced natural and artificial 
lighting 

ENVIRO1 4.17 4.09 3.62 

Adequate lighting for all day, all 
year 

ENVIRO2 4.21 4.12 3.69 

Thermal comfort for all day, all year ENVIRO4 4.5 3.97 3.79 

Acoustic performance in the 
different areas 

ENVIRO6 4.33 4 3.67 

Adequate ventilation (good air 
quality) for all day, all year 

ENVIRO8 4.46 4.22 3.79 

Environment which enhances pupils 
motivation and achievement 

ENVIRO10 4.46 4.19 3.41 

Mechanical systems which do not 
disturb the learning activities 

ENVIRO12 4.42 4 3.62 

Overall building value for money VFM 4.61 4.35 4.39 

Table 6.38.1 The relative importance of the selected design variables among sample’s groups 

 

 

It was observed in table 6.38.1 that there was a difference between the ranking of the 

various variables among the councils and architects. Council respondents gave higher 

importance for most of the design and engineering variables than the external 

consultants. Moreover, a group of the variables was given a higher importance by 

Scottish councils over English councils. Another part of design requirements was 

emphasised more highly by English councils than Scottish councils. The third group 

was given a similar importance by the two types of councils. There is no an obvious 

pattern in the emphasis on the various design requirements by the different groups. It 

seemed that the Scottish councils emphasised the space requirements and safety issues 

more than English councils, while, the quality of design requirements were emphasised 

by the English councils over the Scottish councils. The rest of the requirements are 
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stressed approximately equally by the two types of councils. However, the ranking 

order of the various design and engineering requirements stayed approximately the 

same for the different groups. They emphasised almost the same design variables over 

the other design variables. There is also no evidence that these differences are of 

statistical significance, so further analysis is required to study the statistical significance 

of the differences. It could be observed, also, that the most important variables for the 

various groups are nearly the same but in a different ranking order. Further, some 

respondents claimed that all variables could be extremely important but the weighting 

given to each of them is related to the clients’ budget and the surrounding circumstances 

of a school. The difference among the variables depends on the client and the site. 

However, the responses to this questionnaire validate the relevance of these variables as 

school clients’ design needs and requirements and have confirmed their overall 

importance to be determined at the briefing stage for new-build schools’ projects. 

Therefore, the need for a cost model that relates the relative achievements of these 

variables as school brief information to the school cost becomes obvious. 

 

Two analysis methods available in SPSS were adopted to compare opinions among the 

different councils (Scotland & England) and the external consultants regarding the 

definition of the most important design and engineering variables. They are parametric 

One-Way between-groups Analysis of Variance (ANOVA) and none-parametric 

Kruskal-Walls One-Way (ANOVA). Since the distributions of the variables studied are 

not normal, non-parametric analysis is required to be applied rather than parametric 

analyses (Proverbs and Xiao, 2002). However, as the power of the test, which makes the 

analysis more sensitive for discovering the differences, is lower for non-parametric 

analyses than for the parametric methods, and as the sample number was larger than 

100, a parametric method could be applied (Pallant, 2005). As a result, the decision to 

apply the two methods and compare the results was confirmed. 

 

 

One-Way Analysis of Variance (ANOVA) 

ANOVA analysis is applied when a way of comparing the mean values of a dependent 

continuous variable for more than three groups in categorical independent variables is 

sought. For this survey, the differences of the mean values of the selected design 

variables among the different councils (Scotland & England) and the external 

consultants were studied. 
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A- Assessing the suitability of the data to apply ANOVA 

The same assumptions for t-test analysis should be achieved. The sample is a random 

sample which is formed from the different UK local authorities’ representatives and UK 

consultants. The observations, also, were independent, in that none of the respondents 

might be affected in any way by any other respondents. Moreover, all design and 

engineering variables depend on the same continuous scale (0=Not asked to 5= 

extremely important) (Tabachnick and Fidell, 2001 and Stevens, 1996)  

 

For the large sample, i.e. larger than 100, the normality of the variables’ distributions 

are preferable but not essential. These types of analyses are robust, even if the normality 

of the variables distributions is not achieved; especially when the sample size is higher 

than 30 for each cell or group (Tabachnick and Fidell, 2001; Gravetter & Wallnau, 2000 

and Stevens, 1996) 

 

Furthermore, the percentages of the missing values of the variables are less than 5 

percent which does not affect the test. In regard to the power of the test, it was not 

violated and not of issue because of the sample size which is larger than 100 cases 

(Tabachnick and Fidell, 2001). 

 

Eta Squared coefficient was adopted again to study the effective size (strength of 

association). In a large sample, even small difference might be a statistical significance, 

but it does not mean it is of practical significance. Effective size coefficient gives an 

indication of existence of practical significance. 

 

In addition, homogeneity of variance should be achieved. This means that the variability 

of scores for each group should be similar. The Levene test for equality of variance is 

adopted to study homogeneity of variance. With sig > .05, the difference is not 

significant and the homogeneity is achieved. If the Levene test sig is larger than .05, the 

homogeneity of variance is not violated and the ANOVA table is used to study the 

statistical significance of differences, while, if the Levene test sig is smaller than .05, 

the assumption of variance is violated and the “Robust Tests of Equality of Means” 

table is used to study the significant differences.  
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B- Applying ANOVA with post-hoc tests 

A one-way between-groups analysis of variance was conducted to explore the 

differences in the chosen design and engineering variables among the different sample 

groups. Subjects were divided into three groups which are Scottish councils, English 

councils and external consultants. Three main outputs are sought by applying this 

analysis. The results are either ANOVA or Robust Tests of Equality of Means tables, 

Multiple Comparison table and eta squared value. ANOVA or Robust Tests of Equality 

of Means contains difference Sig, sum of squares, F ratio and degree of freedom. The 

Multiple Comparison table includes the real difference Sig and the location of 

differences among the different groups. Eta squared is calculated in this analysis by 

applying the following equation: 

 

 

Eta squared = Sum of squares between groups/ Total sum of squares 

 

 

Total sum of squares = Sum of squares between groups + sum of squares within 

groups 

 

 

In a large sample, even small a difference among the mean values could be of statistical 

significance. However, it would not be a practical difference. Eta squard is used to study 

the practical difference. 

 

If the value of ANOVA or TOEM tables Sig is smaller than .05, there is a statistical 

significant difference of the mean values among the different groups, and then 

determination of the location of difference among the different groups and eta squared 

values is sought. The results of ANOVA test applied to only the chosen design and 

engineering variables are presented in Table 6.38.2. 

 

 

 



Chapter 6: UK School client prioritised design needs and requirements 

 

232 

 

C
o

d
e 

T
est o

f 

H
o

m
o

g
en

eity
 

o
f V

a
ria

n
ce 

S
ig

 

A
ssu

m
p

tio
n

 

A
N

O
V

A
 S

ig
 

R
o

b
u

st T
e
sts 

o
f E

q
u

a
lity

 o
f 

M
ea

n
s S

ig
 

D
ifferen

ces 

D
ifferen

ce 

L
o

ca
ted

 

 

E
ta

 S
q

u
a

red
 

V
a

lu
e 

 

E
ffect 

ACCOM1 .007 Violated  .118 No    

ACCOM5 .583 
Not 

Violated 
.000  Yes All .15 
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e 

ACCOM6 .7 
Not 

Violated 
.008  Yes S&C .078 

M
ed
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m

 

ACCOM16 .016 Violated  .000 Yes 
S&C-
E&C 

.189 

L
arg

e 

DESIGN2 .702 
Not 

Violated 
.052  No    

ARCHD7 .042 Violated  .001 Yes E&C .12 

M
ed

iu
m

 

ARCHD10 .406 
Not 

Violated 
.000  Yes E&C .14 

L
arg

e 

EXTER3 .931 
Not 

Violated 
.115  No    

OPER2 .078 
Not 

Violated 
.645  No    

OPER3 .75 
Not 

Violated 
.386  No    

ACCESS1 .027 Violated  .000 Yes 
S&C-
E&C 

.17 

L
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ACCESS2 .117 
Not 

Violated 
.000  Yes 

S&C-
E&C 

.15 

L
arg

e 

ACCESS3 .355 
Not 

Violated 
.044  No    

ACCESS7 .066 
Not 

Violated 
.000  Yes 

S&C-
E&C 

.14 

L
arg

e 

SUSTAIN1 .634 
Not 

Violated 
.175  No    

SUSTAIN2 .993 
Not 

Violated 
.015  Yes E&C .066 

M
ed

iu
m

 

SUSTAIN3 .948 
Not 

Violated 
.126  No    

SUSTAIN4 .137 
Not 

Violated 
.004  Yes 

S&C-
E&C 

.087 

M
ed

iu
m

 

PLAN1 .058 
Not 

Violated 
.037  Yes E&C .052 

M
ed
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m

 

SAFETY2 .215 
Not 

Violated 
.122  No    

SAFETY3 .652 
Not 

Violated 
.183  No    

SAFETY8 .913 
Not 

Violated 
.124  No    

PERFOR1 .001 Violated  .000 Yes 
S&C-
E&C 

.14 

L
arg

e 
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PERFOR2 .024 Violated  .002 Yes 
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PERFOR3 .03 Violated  .001 Yes 
S&C-
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PERFOR5 .649 
Not 

Violated 
.598  No    

COMM4 .004 Violated  .002 Yes 
S&C-
E&C 

.1 

M
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ENVIRO1 .01 Violated  .020 Yes 
S&C-
E&C 

.07 

M
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ENVIRO2 .207 
Not 

Violated 
.014  Yes 

S&C-
E&C 

.068 

M
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ENVIRO4 .823 
Not 

Violated 
.002  Yes 

S&E-
S&C 

.09 

M
ed
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ENVIRO6 .018 Violated 

 

.008 Yes S&C .08 

M
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iu
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ENVIRO8 .35 
Not 

Violated 
.003  Yes 

S&C-
E&C 

.09 

M
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ENVIRO10 .006 Violated  .000 Yes 
S&C-
E&C 

.16 

L
arg

e 

ENVIRO12 .568 
Not 

Violated 
.003  Yes S&C .09 

M
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VFM .401 
Not 

Violated 
.372  No    

Table 6.38.2 The results of ANOVA analysis 
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Table 6.38.2 demonstrates that only ACCOM5 and ACCESS4 had a significantly 

different relative importance in the opinion of Scottish and English council respondents. 

The other variables do not have a significantly different importance with Sig value 

larger than .05. Moreover, for several design requirements, external consultants gave 

importance with a significant difference and large or moderate practical difference in 

comparison with the council responses. In addition, it was noticed that the significant 

difference in the importance of a number of variables among the different sample 

groups was allocated in most of the highly important variables rather than the lower 

importance variables. Since the number of Scottish respondents was smaller than 30 and 

there was the possibility of correlations existing among the different design variables, 

the Sig value was cut off to the value of .01 (Pallant, 2005 and Tabachnick and Fidell, 

2001). This new value of alpha reduces the number of variables which had significantly 

different importance between the council responses and the external consultants’ 

responses. However, in spite of the existence of significantly different importance for 

several design requirements among the different groups, the ranking order of the various 

design and engineering requirements were very similar among the different sample 

groups. Further, the intention of building a general early cost model is sought for all the 

types of school client bodies. Thus, these two issues confirmed that the final ranking of 

the various design and engineering variables according to their relative importance was 

the approved ranking for all sample groups. The complete results of ANOVA are 

presented in Table 6.38.3 in Appendix B. 

 

 

Kruskal-Wallis one-way ANOVA 

ANOVA was used to compare the relative importance of the various design and 

engineering requirements among the different Scottish councils, English councils and 

external consultants. Parametric ANOVA assumes that the distributions of the 

populations are normal with equal standard deviations (Proverbs & Xiao, 2002 and 

Tabachnick and Fidell, 2001). However, as the distributions of the design variables’ 

scores were not normal, non-parametric analyses are considered more suitable than the 

parametric analyses. Non-parametric techniques do not require an assumption about the 

population distribution (Pallant, 2005). 

 

The Kruskal-Wallis one-way test provides a non-parametric analysis for comparing the 

mean values of more than two groups. The Kruskal-Wallis One-Way Analysis of 
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Variance (ANOVA) was used to search for any significant differences of the design 

variables according to their perceived level of importance among the Scottish councils, 

English councils and external consultants by comparing the variables’ mean ranking 

scores. 

 

The main pieces of information of the output of this analysis are Chi-Square value, the 

degree of freedom (df) and the significant level (Asymp.Sig). The results are shown in 

Table 6.39.1. 

 

 

 

Design Variables Code 
Chi-

Square 
df Asymp.Sig Difference 

The provision of internal 
teaching and learning spaces 

ACCOM1 4.545 2 .103 No 

Spaces and design that fulfil the 
curriculum needs 

ACCOM16 23.217 2 .000 Yes 

The provision of internal 
physical and sport spaces 

ACCOM5 19.979 2 .000 Yes 

The provision of external 
physical and sport spaces 

ACCOM6 10.668 2 .005 Yes 

Flexibility of design and spaces DESIGN2 6.904 2 .032 Yes 

Design which creates 
pleasurable environment for 
students to study 

ARCHD10 16.852 2 .000 Yes 

Design which achieves building 
ease of use 

ARCHD7 13.379 2 .001 Yes 

Site which is enough to meet 
educational needs 

EXTER3 4.638 2 .098 No 

Minimise energy cost OPER2 2.559 2 .279 No 

Ease of building and site 
maintenance 

OPER3 1.804 2 .406 No 

Inclusive internal & external 
access for all 

ACCESS1 21.746 2 .000 Yes 

Design attains ease of 
movement through building & 
site for all 

ACCESS2 17.476 2 .000 Yes 

Internal & external circulation 
satisfy people with disabilities 

ACCESS7 15.802 2 .000 Yes 

Entrance is welcoming and 
easily identified 

ACCESS3 7.491 2 .024 Yes 

Efficient energy usage SUSTAIN2 7.240 2 .027 Yes 

Maximising the use of natural 
day light 

SUSTAIN3 3.310 2 .191 No 

Maximising the use of natural 
ventilation 

SUSTAIN4 10.118 2 .006 Yes 

Durable elements & 
components (Long life) 

SUSTAIN1 3.961 2 .138 No 

Design attains a good 
relationship between spaces. 
(Spatial relationship) 

PLAN1 6.377 2 .041 Yes 
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Safe site is created SAFETY8 4.176 2 .124 No 

Safe & secured internal & 
external movement 

SAFETY2 3.463 2 .177 No 

Safe & secured building 
entrance 

SAFETY3 3.288 2 .193 No 

Design enhances learning and 
teaching performance 

PERFOR2 9.679 2 .008 Yes 

Design that accommodates 
good ICT infrastructure 

PERFOR1 14.314 2 .001 Yes 

Design receives the overall 
client's and users' satisfaction 

PERFOR5 .843 2 .656 No 

Internal & external design 
enhances student motivation 

PERFOR3 11.113 2 .004 Yes 

Design creates welcoming 
school 

COMM4 10.432 2 .005 Yes 

Adequate ventilation (good air 
quality) for all day, all year 

ENVIRO8 10.675 2 .005 Yes 

Environment which enhances 
pupils motivation and 
achievement 

ENVIRO10 16.384 2 .000 Yes 

Adequate lighting for all day, 
all year 

ENVIRO2 7.711 2 .021 Yes 

Well balanced natural and 
artificial lighting 

ENVIRO1 7.757 2 .020 Yes 

Acoustic performance in the 
different areas 

ENVIRO6 8.926 2 .011 Yes 

Mechanical systems which do 
not disturb the learning 
activities 

ENVIRO12 12.309 2 .002 Yes 

Thermal comfort for all day, all 
year 

ENVIRO4 13.783 2 .001 Yes 

Overall building value for 
money 

VFM 2.179 2 .336 No 

 Table 6.39.1 Kruskal-Wallis one-way ANOVA partial results 

 

 

 

Similarities of the results between the parametric ANOVA and non-parametric ANOVA 

are shown in table 6.39.1. The results of Kruskal-Wallis analysis indicates that there are 

48 design variables which have a statistically significant different relative importance 

(Sig<.05) among the council respondents and the external consultants’ respondents. The 

council respondents gave higher importance for the design variables than the external 

consultants, with significant difference. However, there are no significant differences in 

the relative importance of most of the design and engineering variables between English 

and Scottish councils. Although the existing significant differences for the various 

design variables between councils and external consultants’ respondents, the general 

ranking of the importance of those variables was very similar among the different 

sample groups. As a result, the design variables selected to evaluate the various UK 

primary and secondary schools are demonstrated to be the most important variables 
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among the various stated design and engineering variables generally and among the 

different sample groups specifically. The complete results of Kruskal-Wallis analysis 

are presented in table 6.39.2 in Appendix B.    

 

 

Applying factor analysis for the whole variables set 

The third analysis, applied to reduce the number of the various design and engineering 

variables presented in this survey is Factor Analysis. FA is used as a data reduction 

technique by determining a number of factors shared in common by variables (Aaker et 

al., 1998). The main aim of applying FA is clustering the different input variables under 

different factors according to their importance and correlations. These factors are the 

lowest number of factors explaining the most variance of the original data. There are 

different techniques that can be applied within this method. However, according to 

(Tabachnick and Fidell, 2001), Principle Component Analysis (CPA) for extracting 

factors, Varimax (orthogonal) for rotation with easy interpretation and Direct Oblimin 

(correlated) for rotation with difficult interpretation are recommended methods for 

exploratory study. 

 

The 88 design and engineering variables were subjected to principle component analysis 

(PCA) using SPSS version 16. Prior to performing the analysis, the suitability of the 

data for factor analysis was assessed. 

 

 

A- Assessing the suitability of the data to apply the FA method 

According to Tabachnick and Fidell, (2001) samples which are between 100 and 150 

subjects are considered a fair sample but not good.  

 

In terms of factorability, all criteria are achieved. There are a several strong 

relationships among the variables in the correlation matrix. The coefficients give values 

equal to or higher than .3, which are revealed in the correlation matrix. Tabachnick and 

Fidell, (2001) have indicated that the correlation matrix should contain several values 

which are larger than .3 (see Table 6.40.1 in Appendix B).  Moreover, anti-image 

correlations values are higher than .5. The anti-image correlation matrix includes the 

negatives of partial correlations between pairs of variables, when the effects of other 

variables are removed. The anti-images values should be higher than .5 to be good for 
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FA. Achieving this condition prevents the elimination of the variables from the analysis 

(Akintoye, 2000). Further, the Kaiser-Meyer-Olkin Measure of Sampling Adequacy is 

.858, exceeding the recommended value of .6 (Kaiser, 1974). KMO is a ratio between 

the sum of squared correlations to the sum of squared correlations plus the sum of 

squared partial correlations. Furthermore, Bartlett’s Test of Sphericity (Bartlett,1954) 

reaches statistical significance with  (Sig) value which was .000 < .05 (Pallant, 2005; 

Tabachnick and Fidell, 2001). The main aim of Barlett’s test of sphericity is proving 

that correlation matrix is an identity matrix. If the value of the test statistic for sphericity 

is large and the associated level is small, the correlation matrix could not be proved to 

be an identity matrix (Pallant, 2005; Tabachnick and Fidell, 2001 and Akintoye, 2000). 

The latter two factors are shown in Table 6.40.2. 

 

 

KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. .858 

Bartlett's Test of Sphericity Approx. Chi-Square 9091.435 

Df 3828 

Sig. .000 

                           Table 6.40.2 The results of KMO & Bartlett’s Test 

 

 

The normality of the distributions of the analysed variables is good but not an essential 

condition for this analysis. According to Tabachnick and Fidell, (2001), it is not 

essential for the analysed variables distributions to be normal for this analysis, but the 

variables should not have distributions skewed in two directions. For the whole data 

analysed, variables distributions are not normal but negatively skewed. It shows no 

positively skewed variables. 

 

Factor analysis requires the relationship among the variables to be a non-curvilinear 

relationship. Using spot check between the most skewed variables (Tabachnick and 

Fidell, 2001), the relationships among the variables are linear and there is no evidence 

for curvilinear relationships. It also is revealed that all variables communalities are 

equal or higher than .5.   
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B- Extracting factors 

Principle Component analysis revealed the presence of 18 components with eigenvalues 

exceeding 1, depending on the initial eigenvalues, explaining 75.218 percent of the 

variance. That is shown in table 6.41. However, an inspection of the scree plot revealed 

a clear break after the first variable and another one after the 9th variable. Using Catell’s 

(1966) scree test, there were 9 factors to be retained (Figure 6.10). Meanwhile, parallel 

analysis is applied using Monte Carlo PCA for parallel analysis (Watkins, 2000). This 

method is the most accurate in terms of determining the correct number of factors to 

retain, in comparison with both Kaiser and Catell’s scree test (Hubbard & Allen 1987, 

Zwick & Velicer, 1986). The parallel method depends on comparing the size of 

eigenvalues of the Kaiser extraction method with those obtained from a randomly 

generated data set of the same size. Only those eiginvalues exceeding the corresponding 

values from the random set are retained. Table 6.42 shows that parallel analysis retained 

4 factors with 49.757 per cent of the total variance. The eigenvalues of these 4 factors 

exceed the corresponding criterion values for a randomly generated data matrix of the 

same size (88 variables x 135 respondents). 

 

 

Component 
Initial Eigenvalues 

Total % of Variance Cumulative % 

1 33.218 37.748% 37.748% 

2 3.959 4.498% 42.246% 

3 3.592 4.082% 46.328% 

4 3.017 3.429% 49.757% 

5 2.440 2.772% 52.529% 

6 2.214 2.516% 55.045% 

7 2.077 2.361% 57.405% 

8 1.899 2.158% 59.564% 

9 1.846 2.098% 61.661% 

10 1.732 1.968% 63.630% 

11 1.562 1.775% 65.405% 

12 1.438 1.635% 67.039% 

13 1.313 1.492% 68.531% 

14 1.273 1.447% 69.978% 

15 1.225 1.392% 71.370% 

16 1.176 1.337% 72.706% 

17 1.132 1.286% 73.993% 

18 1.078 1.225% 75.218% 

Table 6.41 Initial eigenvalues and total variance explained 
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               Figure 6.10  Scree plot for extracting factors 

 
 
 

Component number 
Actual eigenvalue 

from PCA 

Criterion value from 

parallel analysis 
Decision 

1 33.218 3.1097 accept 

2 3.959 2.9245 accept 

3 3.592 2.7965 accept 

4 3.017 2.6959 accept 

5 2.440 2.6003 reject 

Table 6.42 Comparison of eigenvalues from PCA and parallel analysis 

 

 

C- Factor rotation and interpretation 

The third step of FA is rotating the extracted factors to simplify the interpretation of 

loaded variables. According to Tabachnick and Fidell, (2001), factor rotation does not 

change the underlying solution. It redistributes the explained variance between the 

extracted factors to clarify their interpretation but it does not change the total explained 

variance. The rotation makes large variables’ loadings larger and small variables’ 

loadings smaller, to construct a simple structure. The simple structure is the structure 

where the variables have large load on only one factor (higher than 0.45 as stated in 

Tabachnick and Fidell, 2001) and each factor is loaded by specific variables (Thurstone, 

1947). The simple structure is sought to be obtained; however, it is difficult to obtain a 

simple structure in real life. Different complex variables which load highly on more 

than one factor are found. These variables should be removed before repeating FA 

analysis. 

 

There are two general types of rotation, which are orthogonal and oblique rotation. 

Orthogonal rotation is easier to interpret but it assumes a non-correlation among the 
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resulted components. On the other hand, oblique rotation does not assume anything but 

it is difficult to interpret. It allows for a possibility of correlation among the different 

resulted components. 

 

There are different rotation techniques provided by SPSS under the two general types. 

However, Varimax (orthogonal) and direct oblimin (oblique) are the most commonly 

and preferable methods to apply as stated by Pallant, (2005) and Tabachnick and Fidell, 

(2001). 

 

Varimax rotation was performed with 4 extracted components. The results revealed the 

presence of few complex variables which are SUSTAIN5, ACCOM9, ACCOM15, 

PERFOR4, ARCHD2, COMM3, ARCHD1, COMM4 and PERFOR1. The complex 

variables were removed and the analysis was repeated with Varimax rotation. The 

repeated analysis revealed a simple structure matrix with few variables which do not 

load on any factor. These variables were EXTER3, ACCESS5, ACCOM17, ACCESS4, 

ACCOM2, ACCOM10, SUSTAIN1 and SAFETY6. The results are presented in Table 

6.43.1. The variables for which their loadings on a specific factor are larger than 0.42 

are considered to be related to that factor (Tabachnick and Fidell, 2001). 

 

 

 

Varimax Rotation 

Comp 1 Loads Comp 2 Loads Comp 3 Loads Comp 4 Loads 

ENVIRO2 .737 SUSTAIN6 .655 ACCOM3 .766 SAFETY5 .744 

ENVIRO6 .717 DESIGN2 .653 ACCOM4 .708 SAFETY2 .734 

ENVIRO8 .716 ARCHD3 .612 ACCOM8 .702 SAFETY4 .678 

ACCESS1 .712 SUSTAIN7 .551 ACCOM6 .635 SAFETY3 .668 

ACCESS2 .709 EXTER1 .543 ACCOM7 .601 SAFETY1 .656 

ENVIRO1 .675 ARCHD5 .539 ACCOM16 .574 SAFETY8 .645 

ENVIRO7 .672 DESIGN1 .529 ACCOM11 .551 SAFETY7 .571 

ENVIRO3 .661 ARCHD6 .471 ACCOM13 .538 OPER1 .565 

ENVIRO4 .655 EXTER4 .470 ACCOM5 .520 PERFOR5 .540 

ACCESS7 .635 PLAN3 .464 ACCOM14 .519 VFM .506 

SUSTAIN3 .628 ARCHD4 .459 ACCOM12 .481 OPER3 .494 

ACCESS9 .625 COMM1 .455 ARCHD9 .466 ACCOM10 .744 

ACCESS3 .605 PLAN4 .454 ARCHD7 .448    

SUSTAIN2 .603 EXTER2 .446 ACCOM1 .442    

ENVIRO9 .591        

ENVIRO11 .587         

ENVIRO5 .564         

ENVIRO12 .564         

ACCESS8 .563         

ENVIRO10 .557         
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ARCHD11 .551         

ARCHD10 .544         

SUSTAIN4 .539         

PERFOR2 .532         

PLAN2 .511         

ACCESS6 .509         

OPER2 .488         

COMM2 .475         

PERFOR3 .470         

PLAN1 .451         

PERFOR6 .430         

Table 6.43.1 The loaded variables on each extracted component 
 

 

The four components explained 48.871 percent of the variance, with component 1 

contributing 17.972 percent, components 2 and 3 contributing 10.396 percent and 

component 4 contributing 10.106 percent (See Table 6.43.2). The interpretation of the 

components was not very clear but described the data somehow. Factor 3 expresses 

most of the accommodation and allocation variables, while factor 4 presents the safety, 

maintenance and total satisfaction variables. Factor 2 represents the relationship and 

adaptable variables. The relationship variables express different relationships achieved 

by the school buildings in terms of the spaces relationships, the relationship with the 

community, the climate and the activities and the relationship between indoor and 

outdoor. Meanwhile factor 1 represents most of the design and engineering variables 

which are the environmental, engineering, inclusion of people with disability, 

sustainability and community variables.  

 

 

 

Total Variance Explained 

Component 
Rotation Sums of Squared Loadings 

Total % of Variance Cumulative % 

1 14.198 17.972% 17.972% 

2 8.213 10.396% 28.368% 

3 8.213 10.396% 38.764% 

4 7.984 10.106% 48.871% 

Extraction Method: Principal Component Analysis. 

 

Table 6.43.2 The explained variations of the data for  each extracted component 

 

 

It is worth stating that the FA results expressed factor 1 as the most important factor, in 

terms of explaining the higher amount of the data variance, and then factors 2, 3 and 4. 
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These results do not match the ranking mean results of the general variables which put 

operation, performance and sustainability variables in the first positions. Environmental, 

accommodation and design variables came in the middle. The late positions were for 

community, architectural and external works variables. 

 

Furthermore, direct oblimin rotation was applied to rotate the extracted results with the 

possibility of correlations among the extracted components. The results were nearly 

same as for the varimax rotation. However, changes in the importance of factors 

resulted. Also, more complex variables were shown. Direct oblimin rotation results are 

presented in tables 6.44, 6.45 and 6.46. 

 
 
 
 
 

Pattern Matrix 

Comp 1 Loads Comp 2 Loads Comp 3 Loads Comp 4 Loads 

ACCESS1 .843 SAFETY5 .760 ACCOM3 .733 SUSTAIN6 .676 

ACCESS2 .793 SAFETY2 .714 ACCOM4 .691 DESIGN2 .662 

ENVIRO2 .790 SAFETY4 .671 ACCOM8 .653 ARCHD3 .576 

ENVIRO3 .765 SAFETY1 .623 ACCOM6 .610 ARCHD5 .566 

ENVIRO8 .760 SAFETY3 .616 ACCOM7 .604 DESIGN1 .536 

ENVIRO6 .754 SAFETY8 .605 ACCOM16 .554 SUSTAIN7 .512 

ENVIRO1 .717 VFM .549 ACCOM11 .484 EXTER1 .507 

ENVIRO7 .700 SAFETY7 .544 ACCOM5 .446 EXTER4 .461 

ENVIRO4 .695 OPER1 .527 ACCOM13 .439 EXTER2 .423 

ACCESS7 .660 PERFOR5 .513 ACCOM1 .436 ACCOM15 .408 

ENVIRO9 .654 ACCOM10 .472   ARCHD6 .404 

ACCESS3 .647 OPER3 .470     

ENVIRO5 .647       

SUSTAIN3 .639       

SUSTAIN2 .629         

ACCESS9 .629         

PERFOR1 .606         

ARCHD11 .579         

ENVIRO10 .563         

ENVIRO11 .554         

ENVIRO12 .549         

ARCHD10 .547         

ACCESS8 .546         

COMM4 .544         

ARCHD1 .537         

COMM3 .520         

OPER2 .519         

SUSTAIN4 .510         

PERFOR2 .510         

ACCESS6 .506         

COMM2 .491         
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PLAN2 .489         

COMM1 .460         

PERFOR4 .429         

SUSTAIN5 .422         

ARCHD2 .421         

PLAN1 .418         

Table 6.44 The pattern matrix for the new factors of direct Oblimin rotation  
 

Structure Matrix 

Comp 1 Loads Comp 2 Loads Comp 3 Loads Comp 4 Loads 

ENVIRO2 .838 SAFETY5 .781 ACCOM3 .794 SUSTAIN6 .723 

ENVIRO6 .823 SAFETY2 .779 ACCOM4 .766 DESIGN2 .667 

ENVIRO8 .819 SAFETY3 .731 ACCOM8 .750 ARCHD3 .661 

ACCESS2 .779 SAFETY4 .717 ACCOM6 .667 EXTER1 .643 

ENVIRO1 .769 SAFETY8 .712 ACCOM9 .620 SUSTAIN7 .594 

ENVIRO7 .768 SAFETY1 .697 ACCOM7 .613 DESIGN1 .563 

ENVIRO4 .757 SAFETY7 .630 ACCOM16 .597   

SUSTAIN3 .753 OPER1 .614 ACCOM10 .591   

ACCESS1 .732 PERFOR5 .781 ACCOM2 .530   

ACCESS7 .725 OPER3 .779 ACCOM1 .518   

ACCESS3 .719 VFM .731      

PLAN2 .707 SAFETY6 .717      

ENVIRO11 .704         

ENVIRO3 .698         

ACCESS9 .694         

SUSTAIN2 .691         

SUSTAIN4 .686         

ENVIRO9 .671         

PERFOR2 .667         

ACCESS8 .666         

ARCHD10 .661         

ENVIRO12 .660         

PLAN1 .654         

COMM2 .652         

ENVIRO5 .642         

ENVIRO10 .639         

ARCHD11 .634         

PERFOR6 .620         

OPER2 .572         

ACCESS5 .537         

Table 6.45 The structure matrix for the new factors of direct oblimin rotation  

 

Component Correlation Matrix 

Component 1 2 3 4 

1 1 .382 .414 .399 

2 .382 1 .241 .211 

3 .414 .241 1 .228 

4 .399 .211 .228 1 

Extraction Method: Principal Component Analysis.   

 Rotation Method: Oblimin with Kaiser Normalization.  

 

Table 6.46 The correlations among the extracted components 
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Table 6.46 shows that factor 1 is not highly correlated with the other factors (r >.3). 

However, the other factors are not correlated to each other. This information indicates 

the possibility of similarity of the two rotation results. There is not much difference 

between the two rotations. The resulted factors cover similar design variables. 

 

 

Components Cronbach’s alpha 

1 .967 

2 .883 

3 .913 

4 .906 

Table 6.47 Factor reliability analysis 

 

 

The coefficients for components are higher than .7 (Table 6.47), and so the results can 

be considered to be reliable.  

 

As a result, four extracted factors were presented as representatives of the whole data. 

However, they would not be able to represent the design variables and be the main 

variables in the second survey to evaluate the various existing UK schools, since they 

are general and not easy to understand. It would be very difficult for schools users to 

evaluate their schools by these factors. In addition, the FA results do not match the 

ranking results and so they are difficult to depend on to evaluate the various existing 

UK schools. 

 

Consequently, Factor Analysis (FA) was applied again for the design variables under 

each categorical variable for the thirteen categorical variables.  

 

 

Applying factor analysis for each categorical variable 

Factors which are easy to be described and understandable were sought. Understandable 

design factors are sought to make school users able to evaluate their schools. The same 

process was repeated for the variables under each category. The results are summarised 

in tables 6.48 to 6.57 in Appendix B. 

 

These requirements were classified originally by the researcher under 13 categorical 

variables which are accommodation requirements, design flexibility and adaptability, 

architectural design quality, external site and school grounds, operation of building, 
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accessibility and inclusion of people with disabilities, sustainability, building 

organisation and planning, safety, health and security, building performance, 

community involvement, environmental design and overall building value for money 

 

Tables 6.48 to 6.57 indicate that most of the categorical variables which are design 

flexibility and adaptability, architectural design quality, external site and school 

grounds, operation of building, building organisation and planning, safety, health and 

security, building performance and community involvement are expressed by one factor 

for each category. However, accommodation requirements, accessibility and inclusion 

of people with disabilities, sustainability and environmental design variables are 

represented by two factors for each category. The accommodation requirements 

category is expressed by a factor for the essential school areas functions such as 

learning and sport, while the other factor presents non-essential functions such as social 

activities and spaces quality. Further, the second resulted factor for the environmental 

design category represents the environmental controlling functions such as easily 

controlled temperature, lighting and ventilation and the first factor represents the 

remaining environmental design variables. The accessibility and inclusion of people 

with disabilities category is represented by a factor for inclusion of people with 

disabilities and another factor for the whole accessibility activities. The factors which 

represent the sustainability category are not easy to describe. 

 

Consequently, the resulted factors of applied FA for the categorical variables are also 

difficult to include in the second survey to evaluate the various UK schools. They are 

difficult to be understandable for the different school users. The school users would not 

be able to evaluate their schools by those general factors. 

 

It was therefore found to be appropriate to include the 35 variables resulted for t-test 

analysis applied for each categorical variable. These variables presented in Table 6.37 

were not considered to be perfect but good representatives of the whole design and 

engineering variables set.        

       

 

6.5.    Summary 

The subjects questioned were representatives of both the various UK councils who 

represent the clientele of new build schools and of architectural organizations involved 
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as school clients’ technical advisors with the delivery of new build school projects in 

the UK. The survey was sent to 200 UK council representatives and 400 registered 

RIBA architects believed to be involved in writing the brief and designing new build 

school projects. Only 25.17% of responses were returned with 136 valid responses. This 

chapter has mainly shown the importance that school clients place on the various design 

and engineering requirements which the clients ask for at the briefing stage of the 

school project life-cycle. 

 

The main findings of the survey could be used as the basis to build a new model for the 

evaluation of the existing UK school building. This model would try to link the project 

price forecasting and the evaluation of the school projects together, so as to achieve a 

reliable cost estimation which expresses the real school clients’ needs and requirements, 

determined at the briefing stage of the project life-cycle. 

 

Initially, the sample was grouped into many groups according to the positions which the 

respondents hold. Since the number of responses was not high, the sample was 

regrouped into council respondents and external consultants. Further, the council 

respondents were more willing to answer the survey and ask to receive the results than 

the external consultants, as they were involved specifically in building new schools, 

compared with the other group who were involved in more than one educational sector. 

Another classification was adopted for this questionnaire which is English council 

respondents, Scottish council respondents, Welsh council respondents, NI council 

respondents and external consultants. 

 

The findings of this survey showed that all the UK councils who represent the school 

clients use the different governmental and policy documents stated in the survey as 

guidance to write and form the brief for new build school projects. These documents 

were confirmed as valuable tools to extract the various school clients design needs and 

requirements.  

 

Furthermore, ranking the 88 design and engineering variables under 13 main categories 

which represent the school clients’ design needs and requirements determined at the 

briefing stage according to their relative importance showed that all design variables 

were falling between important and extremely important limits generally. The results 

demonstrated that these stated design requirements form the main school clients’ needs 
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determined at the briefing stage. The respondents prioritise the variables that achieve 

the main function of the school projects, which is education, more than the other 

requirements. They, also, weight highly the pupils’ accessibility in terms of circulation 

and movement, safety as well as VFM. Further, they stressed ventilation and thermal 

comfort over the other environmental issues. The results also showed that although a 

few respondents chose the not asked option for a few design variables which allocated 

low importance to these variables, it did not necessitate their absence from the briefing 

documents.   

 

In addition, Scottish and English councils allocated similar importance for the various 

stated design requirements. They gave these requirements a higher importance than the 

external consultants. However, the ranking order of the various design and engineering 

requirements was very similar among the different sample groups. Consequently, the 

general ranking order stated in this chapter was considered to be an established ranking, 

and the various stated design and engineering requirements were considered to be an 

appropriate tool to help schools’ client develop their new build schools briefs. 

 

In addition, one of the main objectives of this survey was reducing the number of design 

needs and requirements to use in the second survey. The main aim of reducing the 

number was to enhance the response rate of the following survey, whose main intention 

is to evaluate the various existing UK schools according to the chosen design and 

engineering requirements. Factor analysis and paired t-test techniques were used to 

achieve the reduction mission. FA was used to discover the underlying relationships 

among the various requirements. However, FA results were not so clear and were 

considered difficult to be used in the following survey, and so a selection method with 

paired t-test was applied on those variables. Only variables which have the highest 

relative importance with statistical significant difference among their categories’ 

variables were chosen to be the main variables for the following survey. 

 

As consequence, 35 design and engineering variables presented in Table 6.37 were 

selected to be the most important variables in the school clients’ perspectives. They will 

form the main design and engineering variables to be used as evaluation criteria for the 

various existing UK schools during the development of an early cost model for new 

build schools, which will be discussed in the next chapter.  
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Chapter 7: Function-based construction cost model for new 

build-school projects 

 

 

7.1.   Introduction 

As stated in the previous chapter, three logical steps were applied to achieve the main 

aim and objectives for the research conducted. The main aim of this research is 

developing a construction cost model for new build schools relying on the information 

available at the briefing stage of the school project life-cycle. This information is 

derived from school’s clients design needs and requirements, and general project 

information such as an area, applied procurement, used contract and ground conditions 

information. Figure 7.1.1 presents the logical steps applied for the research conducted. 

 

 

Figure 7.1.1 The research strategy 
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Chapter 5, based on the interviews conducted in 2008, revealed the lack of current early 

costing methods, which take into account fully the expressed design needs of school 

clients, applied at the briefing stage to estimate the cost of new build school projects. 

The interviewees also declared the importance of getting a cost estimation method that 

expresses the clients’ needs and requirements. Furthermore, it emerged that school 

buildings are similar in their requirements but there are differences in the levels of 

achievement of these requirements. In addition, the interviews revealed the educational 

departments of the councils, councils’ technical advisors and the school users such as 

head teachers, staff and students are formed the client body of new-build school projects 

as presented in Figure 7.1.2. To achieve the projects’ values and functions, the school 

projects should satisfy the school clients generally and school users specifically. 

 

 

 

Figure 7.1.2 The various keys of the school client  

 

 

Consequently, Chapter 3 reviewed the various governmental design and brief 

documents to distil a comprehensive set of the school clients’ design needs and 

requirements that new-build school project may have to meet. Eighty eight design and 

engineering variables were determined from this chapter.        

 

The previous chapter, based on a survey conducted in 2009, confirmed the eighty eight 

design variables determined from the literature as the school design needs and 

requirements established by the school clients at the briefing stage of the project life 

cycle. However, the survey determined only thirty five design variables as the 

prioritised design needs and requirements of UK school clients in which they described 
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them as the most important factors among the others. These formed the main body of 

the next survey. A new variable was added to the previous set as a compensation for 

part of number of the reduced or eliminated variables. The added variable is the overall 

quality of the school design (Madani, 2004). These requirements were used as a tool to 

evaluate the various existing UK schools in terms of schools clients’ satisfaction. 

 

This chapter is the last step of this research strategy process Figure 7.1.1. It covers the 

third round of the research field work, the second questionnaire round. This chapter 

presents the process of building and developing a construction cost model for new-build 

school projects, based on the information available in the briefing stage of the school 

project life cycle (surveys outputs) and historical school projects stated in BCIS 

(Building Cost Information Service) data. This information includes the various 

prioritised design and engineering requirements for school clients, and basic pieces of 

information, such as the project area, the number of project floors, type of procurement 

used and ground conditions. Three outcomes are sought by conducting this survey: 

exploring the relative importance of the various design requirements from the head 

teachers’ perspective and determining the extent to which existing UK schools 

satisfying their users in terms of these requirements are the first two outcomes sought. 

Descriptive analyses were used to determine the relative importance of the various 

design and engineering requirements and the level of satisfaction of school users 

achieved by their schools. The third outcome sought, the main product of this chapter, is 

building a cost model to estimate the construction cost of new build school projects at 

the early stages of the project life cycle. Regression analysis was adopted to build the 

cost model. A random part of the data was used in regression analysis to build the cost 

model and the remaining part was left to test the model. The survey asked the 

respondents, who are the existing UK head teachers to point out the relative importance 

of the various design requirements asked at the briefing stage, and determine the extent 

to which their school satisfied the school users in terms of these design requirements. 

The obtained level of achievements of the previous variables is used as predicting 

variables in the proposed cost model.    

 

The regression analysis, which a justification of using it will be addressed later in this 

chapter, is applied in five stages. In the first stage, only the basic school information 

variables are included in the analysis for comparison reason with previous cost models 

and to determine the extent to which involving the achievements of the variables would 
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affect the accuracy of prediction of the new proposed model. Further to this, both the 

basic school information variables and the various stated general design variables with 

their achievements are combined to study the effect of including the design variables in 

the cost model. However, for studying the effect of small sample size which is 

explained later in this chapter, only four basic information variables, which are school 

area, the number of school storeys, school contract period and school function type are 

taken account of in the analysis for the third stage. In the fourth stage, regression 

analysis takes in the previous four variables together with the general design variables. 

Lastly, only the general design variables with the function type of school projects 

variables are included in the model. 

 

The main means of validating the results of this search was by testing the cost model on 

school projects which were not used in developing the model, and conducting 

interviews with experts to obtain their feedback on the model.          

 

In addition to building and developing the proposed cost model, this chapter explores 

different sequence of activities of the survey, such as the survey design, determining the 

sample, the pilot study and the questionnaire results. It explains the steps of data 

collection and analysis Figure 7.2. 

 

 

  

Figure 7.2  Survey data collection steps  

 

 

7.2.   Questionnaire design and content 

 As a wide quantitative data was sought and considering the advantages and limitations 

of the questionnaire tool presented in the previous chapter, a questionnaire was used as 

a means of obtaining the sought data in preference to the other survey’s techniques such 

as interviews. The main aim of the questionnaire was exploring the UK head teacher 

views on the extent to which they are satisfied with their schools for achieving the 

distilled design variables from the previous survey. This data will be used as the basis 

for building and developing the new proposed cost model as seen later. 

Survey 

Design 
Sample Pilot Study Results 
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Several steps were taken to help ensure the advantages of questionnaire tool outweighed 

its limitations. Web-based and postal questionnaires were used to enhance the response 

rate. Further, a simply designed questionnaire was adopted to make the survey easy to 

follow and interesting to answer, and also to enhance the response level. In addition, the 

questionnaire included a covering page stating the main aim of the research and the 

different objectives sought from the questionnaire.   

 

In practice, to achieve a good and reliable response rate, the email questionnaire was 

sent first to the whole sample, which is UK schools’ head teachers, over two rounds, 

leaving two weeks between each round. Concurrently, the postal questionnaire was sent 

to these head teachers, to give them the opportunity to use their preferred means to 

answer. One month was given to receive responses from the postal survey. In addition, 

the telephone was used as a supplementary means, as a result of the low response from 

the email and postal questionnaire. A full description of the response rate is given later 

in this chapter. 

 

Within the context of this research and knowing that the responses percentage of this 

survey reached 25%; the questionnaire was believed to be reasonable. 

 

When it comes to using a questionnaire as a tool for data collection, several issues, such 

as survey design, a pilot study, population and sampling, the adopted method for 

analysis and the variables to be studied, should be considered (Pallant 2005 and 

Oppenheim,1992). 

 

 

7.2.1.   Questionnaire design 

Oppenheim (1992) states the importance of establishing a well designed questionnaire 

to seek the right responses and collect appropriate information. The questionnaire was a 

simple design with three straightforward sections, including closed questions. The 

questionnaire was based mainly on the results of the previous questionnaire (Chapter 6). 

The first section sought personal information about the respondents, such as the 

experience the respondents had working with their schools. The second section asked 

for information about the school itself, such as school type, pupils’ age range, the age of 

the school, number of storeys and the existence of major extension or refurbishment 

which had happened during the school’s life cycle. The third part, which is the main 
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section, gives the opportunity for the head teachers as school users’ and representatives 

of schools’ clients to rank the relative importance of the various design requirements 

determined at the briefing stage and to determine the extent to which their schools have 

achieved these requirements, using a Lekert-Scale. In other words, they were asked to 

determine the relative importance of the various stated design and engineering 

requirements from their perspectives and the extent to which their schools satisfied 

these. 

 

This survey required the various UK head teachers to rank the relative importance of the 

thirty five design variables resulting from the previous chapter and to determine the 

level of achievement of these requirements which their schools attain. 

 

For this survey, a sample of 300 existing UK schools was established and the 

respondents were the schools’ head teachers. The sample was chosen to cover the whole 

geographical spread of BCIS (Building Cost Information Service) schools across the 

UK. 

 

 

7.2.2.   Pilot study 

Pre-testing of the questionnaire (A Pilot Study) is considered as an important means of 

establishing a good questionnaire which produces an accurate body of information that 

can be used to achieve the intended goals (Pallant , 2005 and Oppenheim, 1992). As in 

the previous chapter, the way of wording the questions of the questionnaire, the level of 

comprehensibility of the questions, the time taken to complete the survey, ensuring the 

correctness of the chosen sample are the main goals of conducting the pilot study prior 

of the real field work. Concerning this survey, two weeks were spent to interview six 

head teachers in Edinburgh, in the context of the pilot study. Special care was taken in 

choosing the pilot sample so that it should be representatives of the main sample, which 

were the existing UK school head teachers. The pilot sample included four primary 

schools, one secondary school and one special needs school. The interviewees were 

asked to present their views and comments on the questionnaire design, the questions 

and introductory letter, the chosen sample and what might be missing. Consequently, a 

few adjustments and revisions were made to arrive at the final version of the 

questionnaire. Rewording a few questions, separating one variable into two variables, 

modifying a few lines of the introductory letter and eliminating one question were the 
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main changes made to the questionnaire as a result of the pilot study. It was determined 

that the questionnaire should not take more than ten minutes to be answered by the 

respondents. The questionnaire is presented in Appendix C. Table 7.1 presents the pilot 

study’s respondents. 

 

 

 

 School Name School Type Respondent’s Position 

1 Dalry School Primary School Head Teacher 

2 Clovenstone School Primary School Head Teacher 

3 Currie School Primary School Head Teacher 

4 Sighthill School Primary School Head Teacher 

5 Woodlands School Special Needs School Head Teacher 

6 St Augustine’s School Secondary School Head Teacher 
Table 7.1 Pilot study sample 

 

 

 

7.2.3.   Sample selection 

Sample selection is an important step in the data collection process. A major bias could 

occur in the results if a wrong sample is chosen. Only a relatively large population’s 

representative sample can be generalised (Rossi et al.,1983). 

 

As stated in the previous chapter, there are eight means of choosing a survey sample 

which are: census, random, systemic, stratified, convenience, judgmental, quota and 

snowball sampling. In this survey, the census method was used to set up the sample 

respondents which were head teachers of the existing UK schools registered in the BCIS 

cost data sheets. BCIS (Building Cost Information Service) is a comprehensive 

reference of cost information for most of the construction projects in the UK. Most of 

the technical advisors use this data base beside their own data to estimate the cost of 

various projects types, as stated by the interviewees in Chapter 5. BCIS was initially 

started in 1962 as a mutual association within the Royal Institution of Chartered 

Surveyors (RICS) before turning into a limited company, BCIS Ltd, in the early 1990s 

(RCIS, 1969).  

 

From the data collected from BCIS on the cost of school buildings, a complete set of 

historical data for three hundred schools was found to be within the criteria. BCIS 

includes three types of school projects which are new build, horizontal/vertical extended 

and conversion/rehabilitation projects. Only new build projects were chosen to be in the 
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data since the cost model sought is for new build school projects. However, under the 

new build sector there are purely new build schools and new build blocks within 

existing schools. Only purely new build schools were sought. Since BCIS does not 

differentiate between those two types, all new build schools were included in the data 

set for the next stage. Moreover, only schools which were built after 1990 were believed 

to be suitable to be included in the analysis. There are two reasons for this decision. 

Firstly, BCIS online service does give the opportunity to explore all school projects 

built after 1990, the sought information about the projects built before 1990 would be 

known only if the BCIS codes of the projects were known. Secondly, it was presumed 

that major refurbishments or enhancements have been done for those schools since they 

were built. This possibility made the costs of these projects, registered at BCIS, not 

valid to be included in the analyses. Each school in BCIS data was included in the data 

set with a number of items of its basic information. BCIS lists information about the 

project with elemental cost analysis and project specification (Examples in appendix 

C). The cost analysis and specification of elements used in BCIS projects’ cost data 

sheets rely on the standard form of cost analysis developed and were provided by RICS 

to be used by the UK construction industry. The information included in the data set of 

the sample was the name of school, the base year of estimating the cost, the type of 

procurement and contract used, the contract period, number of school’s storeys, the 

contingencies and preliminaries percentages, the gross floor area in square metres, the 

total building cost with and without the external work cost and the site conditions in 

terms of ground condition, access and work restrictions and the water level. This 

information is presumed to be available for each school project at the briefing stage of 

the project life cycle, in addition to the design and engineering requirements. AL- 

Sharif, (2007) and Elhag and Boussabain, (1998), in their studies to build a cost model 

to estimate the cost of new build school projects at early stages of the project life cycle, 

considered most of this information as the basis for estimating the cost of new build 

projects. They believed that this information would be available at early stages of the 

school project life-cycle. Two months were spent in building the BCIS projects data set, 

using the BCIS online service and hard copies. 779 primary schools and 415 secondary 

schools were the total number of new, extension and conversion schools registered in 

BCIS. Only 270 primary schools and 85 secondary schools were believed to be new 

build school projects.  
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The next stage was to obtain the contact details of the head teachers of the schools 

presented in the data set to send the survey to. The different web sites of the schools 

stated in the data set were investigated to obtain the postal and email addresses of those 

head teachers. This mission was very difficult because that a number of schools do not 

have a web sites and it needed a long search to find the required contact details. 

Moreover, some of the schools registered in BCIS carried the name of the street in 

which they were built in rather than the actual name of the schools themselves. This 

entailed the need for more time to ensure the accuracy of the contact information. In 

addition, a number of schools do not have this type of information on the internet, and 

so several phone calls were made to get the postal and email address of the respondents. 

It was very difficult to persuade schools’ officers to give out such information, as they 

felt that it is secret information! Another objective which was sought in exploring the 

various school web sites, was finding out the actual opening date of the schools, to 

compare them with what was registered in BCIS data. By comparing the school opening 

date and the contract year, the purely new build schools projects and the new build 

blocks within existing schools can be differentiated. All the new build blocks which 

were found out from analyses of the data sheets were excluded from the data set. It is 

worth stating that thirty days were spent in achieving this previous mission.   

 

In brief, 237 primary and 63 secondary schools comprised the final number of the 

sample data set. And so a total of 300 head teachers were selected to be the total sample 

of this survey. The sample summary is shown in Table 7.2. 

 

One question about the school’s opening date was added to the questionnaire, to be 

compared with the contract year provided in BCIS for the various schools, to ensure that 

only purely new build schools were included in the regression analysis to build the cost 

model. 

 

 
All Types New-build Schools Purely New-build Schools 

Number Percent Number Percent Number Percent 

Primary Schools 779 65.24% 270 76.06% 237 79% 

Secondary Schools 415 34.76% 85 23.94% 63 21% 

All Schools 1194 100% 355 100% 300 100% 

Table 7.2 The sample summary           

 

In practice, both on-line and postal means were used for the survey to enhance the 

response rate. Significant time and effort were invested designing the on-line 

questionnaire and preparing the postal survey. The respondents were told in the postal 
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survey to ignore the postal survey if they had responded to the on-line questionnaire. 

Additionally, a coding system was used to identify the each head teacher who replied to 

the questionnaire. This coding system was based on giving sequential numbers starting 

from 1. Based on this, each respondent was accompanied by a specific numerical 

number as an identification code. It was used to avoid engaging these respondents in 

further rounds of the survey. 

     

 

7.3   Questionnaire results 

Three main objectives were sought in analysing the data. The first one was exploring 

the relative importance of the various stated design variables from the head teachers’ 

points of view to compare them with the results of the previous survey, which explored 

the relative importance of the design variables from LA education departments’ 

perspectives. LA education departments and head teachers of the schools formed two 

main parts of the school’s client body (Chapter 5). The second objective was to 

determine the extent to which the existing UK schools satisfy their users.  

 

The third objective was building a cost model to estimate the cost of new-build school 

projects at the early stage of the project life-cycle, relying on the design variables and 

basic school’s variables which would be available in the briefing stage. 

 

Seventy five replies were returned within approximately three months of being sent out, 

which is 25 percent.  

 

 

7.3.1.   The response rate of the questionnaire survey 

Akintoye (2000) indicated that the response rate to questionnaires typically in the 

construction industry falls between 20 and 30 percent. In comparison with the other 

previous studies mentioned in the previous chapter, 25 percent is an acceptable response 

rate for this construction survey. 

As stated above, it was initially decided, as a result of the first questionnaire’s response 

rate, that this questionnaire should be sent to the respondents in two means, online and 

by post. The main aim of this decision was giving the respondents the freedom of their 

own preferred means of answering the questionnaire. The online questionnaire was 

conducted first in two rounds, over a period of one month, giving two weeks for each 
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round. Concurrently, the postal questionnaire was being prepared to be sent. Then, the 

postal survey was conducted over another month. The respondents were asked to 

neglect the postal survey if they had answered the on-line questionnaire.  

 

The responses returned of the on-line questionnaire which was conducted for one month 

were only one response which was considered as a very low response rate. The reasons 

for this might be that the head teachers either did not prefer to answer an online 

questionnaire or were not familiar with it. The on-line questionnaire might have been 

filtered as a strange email and went to the junk section rather than the inbox of the 

respondents’ emails. It might also be because people considered that an online survey is 

not a formal way of conducting a questionnaire. Other reasons for the low response 

could be technical, for example, the respondents may have forgotten to press the 

submission button. Then the postal questionnaire was conducted. As a result, the 

number of responses reached fifty four. Five head teachers apologised in their returns of 

not being able to answer the questionnaire because either they do not have time to or 

they do not contribute in any survey. Ten envelopes were returned as a wrong address. 

 

However, the Regression Analysis according to (Tabachnick & Fidell, 2001) required a 

large number of cases for the results to be generalised, over 100 cases for 30 variables, 

so several phone calls for the head teachers were made. The head teachers were given 

the chance to answer the questionnaire either on the telephone or by sending the 

questionnaire One hundred and twenty calls were made within three weeks to the 

various head teachers which increased the responses to sixty three cases. Other seven 

head teachers apologised not being able to answer the questionnaire for the same 

reasons previously given. 

 

In brief, a total of a sixty three responses was the results of three months of conducting 

this questionnaire, making the response rate 25 percent. In reality, sixty three responses 

were used to do the descriptive analyses to find out the relative importance of the 

various stated design and engineering variables; however, only forty nine cases were 

used to do the regression analysis to build the cost model. Fourteen cases were excluded 

from the regression analysis because that their opening date was before the contract year 

of that school in BCIS analyses. This difference means that the BCIS analyses of these 

schools were for new build blocks within the existing schools rather than purely new 
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build schools, which made these schools not suitable for the regression analysis. The 

different response frequencies and rates for the different rounds are shown in Table 7.3. 

 

 
 

 
No. 

Sent 

Responses after 

the online survey 

Responses after 

the postal survey 

Responses after 

the phone calls 

Total valid 

responses 

Freq Percent Freq Percent Freq Percent Freq Percent 

Head 

Teachers 
300 1 33% 59 19.67% 75 25% 63 21% 

 Table 7.3 The response rate of the conducted questionnaire     

 

 

 

7.3.2   Questionnaire item scale reliability 

As stated in the previous chapter, the reliability of the different instruments 

measurements and scales used in the questionnaire should be investigated. Test- retest 

and internal consistency are two scales for studying the reliability of the various scales 

used.  Furthermore, the reliability indicates the extent to which the used scales would 

measure in the same way each time they are used under the same circumstances and 

with the same respondents or subjects. Yu (2002) advocates the Cronbach coefficient 

alpha as the best way of measuring the internal consistency of the used scales. Cronbach 

analysis studies the various possible combinations of the various used items under the 

various used scales. The higher the Alpha values, the better the internal consistency of 

the used scale, the stronger the correlations among the items and their total scales. 

According to Nunnally (2007); Pallant (2005) and Tabachnick & Fidell (2001), Alpha is 

considered to be acceptable if it give a value over than .7.  

 

In this study, two general scales were used, which are the relative importance of the 

various design variables and the level of satisfaction which the existing schools 

achieved for of the schools’ clients, for those same design variables. The design 

variables were classified under seven general design categories which are 

accommodation requirements, environmental design, sustainability, accessibility 

requirements, safety and security, design & planning features and operational 

considerations of the building. 

 

The Cronbach coefficient alpha was studied for all 36 variables, for their importance 

and achieved satisfaction level, and also for the design variables under each category. 

The results are presented in Table 7.4. 
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Reliability statistics for the importance of the design variables 
Cronbach's 

Alpha 

N of 

Items 

Accommodation requirements .830 5 

Sustainability .909 4 

Environmental design .897 7 

Accessibility and inclusion of people with disabilities .897 4 

Safety and security .867 4 

Design & planning features .890 8 

Operational consideration of building .840 2 

Total design variables scale for importance .965 36 

Reliability statistics for the satisfaction of the schools’ clients for 

design variables 

Cronbach's 

Alpha 

N of 

Items 

Accommodation requirements .865 5 

Sustainability .854 4 

Environmental design .912 7 

Accessibility and inclusion of people with disabilities .883 4 

Safety and security .882 4 

Design & planning features .937 8 

Operational consideration of building .801 2 

Total design variables scale for satisfaction .972 36 

Table 7.4 Reliability Statistics for the Survey Scales 

  

 

Table 7.4 indicated that all scales used in this questionnaire were reliable and had high 

internal consistency among their items with Cronbach's alpha, which were higher than 

.7. 

 

Table 7.5 in Appendix C explains the correlations among the different items (variables) 

of scales and their general categories. Low value of correlation (less than .3) indicates 

that there is a difference between what the item measures and what the scale as a whole 

does (Pallant, 2005). The corrected item total correlation values for this data are larger 

than .3, which means there is no difference between what the items and scales measure. 

The table shows that most of the items had correlations which were higher than .3. 

Consequently, the high value of alpha and the high correlations between the items and 

their total scales indicate the high reliability of the scales used in this survey. 
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7.4.   Analysis of survey data  

Statistical Package for Social Scientists (SPSS 16) was adopted to use in order to help in 

analysing the data and getting the results. Generally, three general types of data analyses 

are used by SPSS programme. They are, as described in the previous chapter, 

descriptive and frequency analyses to describe the data in terms of its distribution, 

central tendency, the spread of sample scores of the various studied variables and the 

plot of distribution of the sample results. The second type is correlation analysis which 

explores the existence of linear and non-linear relationships among the variables and the 

third type is inferential statistics, identifying the existence of statistical significant 

difference among the different groups within the sample for the various continuous 

variables (Pallant, 2005 and Tabachnick & Fidell, 2001). 

 

Three main objectives were sought in analysing this survey data. The first aim was to 

explore the relative importance of the stated design and engineering variables from the 

UK schools’ head teachers’ points of view to compare them with the results of the 

previous questionnaire, which determined the relative importance of the stated design 

and engineering variables from the councils’ representatives and technical advisors 

perspectives. As stated in chapter 5, council education departments, council technical 

advisors and school users comprise the new build school projects’ clients. On other 

words, comparison between the different perspectives of the school clients’ bodies of 

the relative importance of the stated design and engineering requirements was sought as 

the first objective of this survey. Descriptive analysis was adopted to examine this 

objective. The mean values and the standard deviations of the relative importance of the 

various stated design variables were the results of the descriptive analysis. In addition, 

the level of achievement of the various design and engineering requirements of the 

existing schools was also sought. Descriptive analysis with mean and standard deviation 

values was again adopted to achieve this object. Another objective was developing a 

function based cost model by using regression analysis to estimate the construction cost 

of new build school projects at the briefing stage relying on the extent to which the 

school projects achieve the design and engineering requirements and also basic school 

information which could be available at the briefing stage such as school area, number 

of school storeys, the type of school and site conditions. Regression analysis was used 

as the means to find the relationship between the school construction cost and the other 

variables and was further used to build the cost model sought. Descriptive analyses also 
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were used to describe the various variables contributing to the cost model and the cost 

variable. 

 

 

7.4.1.   The relative importance of the stated design variables               

The first aim of the questionnaire was to explore the relative importance of the various 

stated design and engineering variables from the head teachers’ points of view, using 

the mean and standard deviations of the variables. The objective in discovering the 

relative importance of those variables was to compare them with their relative 

importance from the council representatives perspectives, obtained from the previous 

questionnaire. As stated in chapter 5, council education departments, technical advisors 

and school users form the new build school’s clientele. 

 

The respondents were asked to determine the relative importance of the 35 various 

design variables for a typical new build school project, relying on their experience. The 

design variables were classified under seven general design categories: accommodation 

requirements, environmental design, sustainability, accessibility requirements, safety 

and security, design & planning features and operational consideration of building. A 

Lekert scale from not important (1) to extremely important (5) was used to conclude the 

relative importance. The most prioritized thirty-five variables chosen from the previous 

questionnaire were included in this survey to find their relative importance from the 

head teachers’ points of view. Table 7.6 in Appendix C presents the various included 

design and engineering variables, with their codes. Descriptive analysis was employed 

to establish the means and standard deviations of those variables. Table 7.7 presents the 

means and standard deviations (SDs) of the design variables from head teachers’ points 

of view (Mean1, SD1) and council representatives’ perspectives (Mean2, SD2), 

presented from the previous chapter. 

 

The relative importance means of the various stated design variables presented in Table 

7.7 indicate the high importance which the head teachers gave to the chosen design 

variables. 
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Variable name Mean1 SD1 Mean2 SD2 
The provision of adequate internal 
teaching and learning spaces 

4.95 .223 4.72 .555 

Safe site is created 4.84 .365 4.03 .879 

Spaces and design that fulfil the 
curriculum needs 

4.83 .381 4.37 .789 

Design that creates a welcoming 
school 

4.81 .395 3.90 .933 

Safe & secured building entrance 4.79 .45 4.11 .873 

Environment which enhances 
pupils motivation and 
achievement 

4.74 .48 3.99 1.033 

Safe & secured internal 
movement 

4.74 .442 4.08 .826 

Safe & secured external 
movement 

4.74 .442 4.08 .826 

Design which enhances learning 
and teaching performance 

4.72 .555 4.33 .856 

Inclusive internal & external 
access for all 

4.69 .568 4.29 .868 

Design attains ease of movement 
through building & site for all 

4.69 .503 4.17 .927 

Internal & external circulation 
satisfy people with disabilities 

4.66 .515 4.02 .826 

Minimise energy cost  4.66 .548 4.12 .912 

School grounds which is large 
enough and designed well to meet 
educational needs 

4.64 .613 3.81 .976 

Efficient energy usage 4.64 .613 4.27 .727 

Design that accommodates good 
ICT infrastructure 

4.64 .552 4.10 1.007 

The provision of adequate 
external physical and sport spaces 

4.6 .56 4.13 .722 

Design which creates pleasurable 
environment for students to study 

4.6 .56 3.93 .955 

Entrance is welcoming and easily 
identified 

4.6 .591 3.99 1 

The provision of an adequate 
internal physical and sport spaces 

4.59 .563 4.16 .77 

Durable elements & components. 
(Long life) 

4.59 .622 3.97 .837 

Internal & external design 
enhances & promotes student 
motivation 

4.59 .593 3.99 .894 

Ease of building and site 
maintenance 

4.59 .563 3.95 .841 

Adequate ventilation (good air 
quality) for all day, all year 

4.57 .624 4.12 .91 

The overall building value for 
money 

4.57 .624 4.42 .734 

Thermal comfort for all day, all 
year 

4.53 .599 4.00 .898 

Design that achieves the overall 
client's and users' satisfaction 

4.53 .655 4.16 .806 

Maximising the use of natural 
daylight 

4.52 .8 4.18 .905 

Maximising the use of natural 
ventilation 

4.52 .731 4.12 .962 
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Adequate lighting for all day, all 
year 

4.41 .676 3.99 .992 

Mechanical Systems which do not 
disturb the learning activities 

4.41 .726 3.93 1.034 

Well balanced natural and 
artificial lighting 

4.34 .69 3.93 .919 

Design attains a good relationship 
between the spaces (Spatial 
relationship) 

4.22 .773 3.87 1.006 

Flexibility of design and spaces 4.17 .752 4.01 .824 

 Acoustic performance in the 
different areas 

4.16 .97 3.93 .906 

Table 7.7 The means and SDs of the relative importance of the various design variables 

 

 

Further, the head teachers specified the relative importance of the 35 design variables to 

be between very important and extremely important. These results were similar to the 

relative importance given by the council respondents in the previous survey. The 

council respondents gave most of these variables relative importance means which 

ranged between very important and extremely important. In other words, these design 

variables were considered to be the most important variables among the whole 88 

design variables set presented in the previous survey. Furthermore, they both specified 

the provision of adequate internal teaching and learning spaces as the most important 

variable over the other stated variables. This output is considered reliable because this 

variable actually expresses the main function of the school building and so it should be 

the most important requirement. This result confirmed the reliability and rationality of 

answering the questionnaire by both sets of respondents. The similarity of the responses 

between the sets of respondents confirmed the importance values with which the design 

variables were considered by the various school client bodies. It can also be noted from 

the table that the head teachers emphasised the educational spaces, safety and 

accessibility variables over the other variables. However, the council respondents 

emphasized the educational areas, environmental and sustainable variables over the 

other. Moreover, the relatively small values of standard deviations compared with mean 

values, which were less than 1, indicated the reliability of the means values as 

representative of the population opinions for both types of respondents. The means 

could be considered as a reliable tool to rank the various design variables. For head 

teachers, the standard deviations were less than those in council respondents. 

 

Consequently, the school clients, whatever their positions, emphasised the 35 variables 

as highly important design requirements which they asked for at the briefing stage for a 

new build school. Thus, the design variables were confirmed to be used in developing 
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the sought cost model as available information at that stage with the addition of a few 

other items of information such as school area, number of storeys and ground 

conditions.                      

 

 

7.4.2.  The level of satisfaction of the school clients achieved by UK existing schools 

Descriptive analyses were used also for the various design variables in terms of head 

teachers’ satisfaction. The respondents were asked to determine the extent to which 

their schools achieved the stated design and engineering variables. The objective of this 

analysis was to describe the general satisfaction of the UK head teachers with their 

schools. A Lekert scale was also employed for this question, which ranged between 

unsatisfactory (1) to very satisfactory (5). The most prioritized thirty five variables 

chosen from the previous questionnaire were included in this survey to discover the 

extent to which the UK schools achieved these requirements, from the head teachers 

perspective. The overall quality of the building design and the overall head teacher 

satisfaction requirements were included with the previous variables. Descriptive 

analysis was employed to establish the means and the standard deviations of those 

variables. Only the schools which were going to be employed in building the cost model 

were used to find the variables’ means and SDs. Further, those schools for which the 

contract years were after their opening dates, were excluded from the analysis, since 

their BCIS analyses were believed to be for new block built within the existing school. 

Table 7.8 presents the means and standard deviations (SDs) of the design variables from 

head teachers point of views (Mean, SD). 

 

 

Variable name Mean1 SD1 

Safe & secured internal movement 4.39 .731 

Inclusive internal & external access for all 4.31 .918 

Safe site is created 4.29 .764 

Safe & secured building entrance 4.27 .836 

Safe & secured external movement 4.22 .771 

Design attains ease of movement through building & site for all 4.12 .992 

Internal & external circulation satisfy people with disabilities 4.10 .918 

Entrance is welcoming and easily identified 4.08 1.096 

Design that creates a welcoming school 3.96 .889 

Mechanical systems which do not disturb the learning activities 3.96 .841 

Design which creates pleasurable environment for students to 
study 

3.92 .759 

School grounds which is enough to meet educational needs 3.84 1.179 

Internal & external design enhances & promotes student 
motivation 

3.82 .782 

The provision of adequate external physical and sport spaces 3.80 1.136 
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Adequate lighting for all day, all year 3.78 .941 

Environment which enhances pupils motivation and 
achievement 

3.76 .855 

Design which enhances learning and teaching performance 3.76 .830 

Well balanced natural and artificial lighting 3.71 .935 

Design that achieves the overall client's and users' satisfaction 3.67 .987 

Design attains a good relationship between the spaces (Spatial 
relationship) 

3.65 .855 

The provision of adequate internal teaching and learning spaces 3.63 1.112 

The overall quality of  the building’s design 3.59 .998 

The overall building value for money 3.59 .934 

Maximising the use of natural daylight 3.57 1.190 

Durable elements & components. (Long life) 3.49 1.003 

Ease of building and site maintenance 3.49 .982 

Design that accommodates good ICT infrastructure 3.49 1.139 

 Acoustic performance in the different areas 3.47 1.063 

The provision of an adequate internal physical and sport spaces 3.45 1.243 

Spaces and design that fulfil the curriculum needs 3.43 1.021 

Adequate ventilation (good air quality) for all day, all year 3.35 1.091 

Thermal comfort for all day, all year 3.27 1.076 

Minimise energy cost  3.22 .919 

Flexibility of design and spaces 3.20 1.000 

Maximising the use of natural ventilation 3.16 1.179 

Efficient energy usage 3.04 1.207 

Table 7.8 The means and SDs of the satisfaction achieved for the various design variables 

 

 

Table 7.8 demonstrates that the school head teachers were satisfied by their schools 

achievement of the different stated design criteria. Additionally, the means of the values 

that they gave for the extent to which they were satisfied with their schools in terms of 

the various stated design variables fall between quite satisfactory and very satisfactory. 

In reality, most of the variables’ means ranged between quite satisfactory and 

satisfactory. This led to the conclusion that the schools built in the last twenty years do 

not disappoint their users. It also pointed to the high level of achievement the various 

new governmental regulations have ensured in new schools. Based on this, school users 

are happy with the specifications stipulated by the various new government regulations.    

 

In Table 7.9 and Figure 7.3, the different means of the satisfaction achieved by the 

existing schools for the general design categories are presented.  They show that the 

head teachers gave the safety and accessibility requirements satisfactory means more 

than other requirements. They gave safety and accessibility categories between 

satisfactory and very satisfactory. However, they gave the other categories the 

satisfactory means between quite satisfactory and satisfactory. This result suggested that 

the more strictly the regulations were applied, the more well functioning school 
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buildings were built. In other words, the government presented very strict regulations 

for safety, accessibility and inclusion for people with disability more than in the case of 

the other categories. It gave the other categories examples of good practice, rather than 

regulations. It seemed that school users were more satisfied with those variables which 

had regulations than those with advisory examples.  

 

 

Category name Code Mean1 SD1 
Total safety requirements satisfaction  TotSAFETY 4.29 0.64 

Total accessibility requirements 
satisfaction 

TotACCESS 4.15 0.83 

Total design & planning requirements 
satisfaction 

TotDES & PlAN 3.68 0.72 

Total accommodation requirements 
satisfaction 

TotACCOM 3.63 0.90 

Total environmental requirements 
satisfaction 

TotENVIRO 3.61 0.75 

The overall building value for money VFM 3.50 0.93 

The overall quality of  building design QBD 3.45 1.01 

Total operational  requirements satisfaction  TotOPER 3.36 0.84 

Total sustainability requirements 
satisfaction 

TotSUSTAIN 3.32 0.95 

Table 7.9 The means and SDs of the of the various categories of the design variables satisfaction 

 

 

 

 

Figure 7.3 The means and SDs of the of the various categories of the design variables satisfaction 

 

 

Additionally, as one of the outputs of the pilot study, the pilot respondents evaluated the 

current situation of their schools rather than that at the time of their opening. So for 

schools which do not receive regular maintenance, it would not be fair to compare them 
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Total design variables satisfaction means

0.00

0.50

1.00

1.50

2.00

2.50

3.00

3.50

4.00

4.50

5.00

T
o
tS

A
F
E
T

Y

T
o
tA

C
C

E
S
S

T
o
tD

E
S
 &

P
lA

N

T
o
tA

C
C

O
M

T
o
tE

N
V

IR
O

V
F
M

Q
B

D

T
o
tO

P
E

R

T
o
tS

U
S
T
A

IN

Means



Chapter 7: Function-based construction cost model for new build-school projects 

270 

 

included in the survey, to reduce the affect of this factor. In the context of exploring the 

relationships between the level of satisfaction variables and the age of the school 

buildings’ variable, the Pearson product-moment correlation coefficient was used.  

 

 

Pearson product-moment correlation coefficient analysis 

The main aim of the analysis was to discover possible relationships among the level of 

satisfaction of the design requirements categories for the existing schools and the age of 

the schools studied. The Pearson product-moment correlation coefficient analysis was 

used to discover a possible relationship between two continuous variables. The analysis 

was employed to discover the relationships between the level of satisfaction of the 

general design categories (TOTACCOMSm, TOTSUSTAINSm, TOTENVIROSm, 

TOTDESPLNSm, TOTACCESSSm, TOTSAFETYSm, TOTOPERSm, VFM, QOB) 

and the school age variable (SchOld1).    

 

 

A- Assessing the suitability of the data to apply Pearson product-moment correlation 

coefficient analysis 

Several assumptions stated by Pallant (2005) and Tabachnick & Fidell (2001) to 

achieve the suitability of the data for this analysis were attained. All the studied 

variables were continuous variables. Further, all the head teachers answered for the 

studied variables and so there were no missing values. The independence of 

observations was also achieved, in which none of the respondents might be affected by 

any other respondents in any way. Further, only two of the ten variables had one outlier, 

which would not affect the analysis. 

 

Moreover, part of the studied variables was normally distributed in terms of their scores 

over all the respondents. Descriptive analyses were used to study the normality of the 

distributions of the variables included in the analysis. As stated in the previous chapter, 

means of a Kolmogrove-Smirnov test were applied to study the normality of the 

variables’ score distributions. A non-significant result (Sig.value of more than .05) of 

the Kolmogrove-Smirnov test indicated the normal distribution of the continuous 

variables studied (Tabachnick & Fidell, 2001). Histogram diagrams of these variables 

were also used to explore the normality assumption. The results are presented in Table 

7.10. 
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Tests of Normality 

 
Kolmogorov-Smirnova 

df Sig. 

Calculated total accommodation requirement 
satisfaction mean 

49 .200
*
 

Calculated total sustainability requirements 
satisfaction mean 

49 .017 

Calculated total environmental requirements 
satisfaction mean 

49 .148 

Calculated total design & planning requirements 
satisfaction mean 

49 .200
*
 

Calculated total accessibility requirements 
satisfaction mean 

49 .003 

Calculated total safety requirements satisfaction 
mean 

49 .000 

Calculated total operation requirements 
satisfaction mean 

49 .005 

The overall building value for money 49 .000 

The overall quality of  the building’s design 49 .000 

Your overall satisfaction  48 .000 

The real school age in years (SCHOLD1) 49 .200* 

Table 7.10 The Kolmogorov-Smirnov
  
analysis (Test of normality). 

 

 

Table 7.10 illustrated that part of the studied variables was normally distributed. For 

those variables which they did not achieve normality, the non-parametric analysis for 

discovering the relationship between two continuous variables, Spearman’s rank order 

correlation, was used in addition to the Pearson product-moment analysis. Spearman’s 

rank order correlation does not need the normality assumption to be achieved. 

 

In addition, the linearity and homoscedasticity of the studied variables were two 

important assumptions to be attained. The studied variables should not have a 

curvilinear relationship among them and should have the same variability in scores. 

Scatter plot graphs among the studied variables were explored. All these scatter plots 

are presented in Figures 7.4 to 7.12 in Appendix C. 

 

Those figures show no evidence of curvilinear relationships or heteroscedasticity 

between the different studied variables. Therefore, all required assumptions of the 

Pearson product-moment correlation coefficient analysis were attained apart from the 

normality of some of the studied variables. So the Pearson product-moment correlation 

coefficient and Spearman’s rank order correlation were applied to find out the 

correlation among the studied variables. 
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B- Applying Pearson product-moment correlation coefficient and Spearman’s rank 

order analyses) 

The relationship between the age of school building (SchOld1) and the various general 

satisfaction design categories for the existing schools from the head teachers 

perspectives (as measured by the satisfactory design variables scales) was investigated 

using Pearson product-moment correlation coefficient and Spearman’s rank order 

analyses. Preliminary analyses were performed to ensure no violation of the 

assumptions of linearity and homoscedasticity. The two tailed option was chosen, to 

indicate that there was no previous prediction of the direction of the relationships. The 

results of the applied analyses are presented in Table 7.11. 
 

According to Cohen’s (1988) suggestion that r which is between .1 to .29 and .3 to .49 

is small and medium respectively, the table demonstrated medium and small negative 

correlations between the satisfaction categories and the age of the school buildings 

variable, with lower levels of satisfaction with higher school building age. 

 

 

 

 Real school age in years (SCHOLD1) 

Pearson product-moment 

correlation coefficient 
Spearman’s rank order 

r Sig r
2
 r Sig r

2
 

Calculated total accommodation 
requirement satisfaction mean 

-.315 .027 9.9%    

Calculated total sustainability 
requirements satisfaction mean 

-.213 .141 4.54% -.189 .194 3.6% 

Calculated total environmental 
requirements satisfaction mean 

-.396 .005 15.7%    

Calculated total design & 
planning requirements satisfaction 
mean 

-.346 .015 12%    

Calculated total accessibility 
requirements satisfaction mean 

-.302 .035 9.1% -.325 .023 10.6% 

Calculated total safety 
requirements satisfaction mean 

-.182 .211 3.3% -.177 .224 3.1% 

Calculated total operation 
requirements satisfaction mean 

-.281 .049 7.9% -.271 .06 7.3% 

Overall building value for money -.319 .026 10.2% -.313 .028 9.8% 

Overall quality of  the building’s 
design 

-.269 .062 7.2% -.28 .05 7.8% 

Your overall satisfaction  -.219 .134 4.8% -.221 .131 4.9% 

Table 7.11 Pearson product-moment correlation coefficients          
 

 

Further, even where there are few or no significant values which are more than .05, 

many authors suggest that statistical significant should be reported but ignored. Since 
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with large sample (more than 100), even with very small correlations, these might be 

statistically significant and in a small sample, there could be a moderate correlation that 

does not reach statistical significance (Pallant, 2005) and so, only r2 should be 

considered as it expresses the shared variance between the two studied variables.  

 

As has been mentioned previously, head teachers expressed their satisfaction for their 

schools achieving the various stated design variables. However, they demonstrated that 

they were satisfactory for the different safety, accessibility and inclusion of people with 

disability variables more than for the other design variables. Thus, they were satisfied 

with the various government regulations specifications more than those categories 

specified only in the different school design examples. 

 

In addition, the satisfaction level with existing school buildings for the various design 

variables from the head teachers’ points of view were negatively correlated to the age of 

the school buildings. So the older the school, the lower the satisfaction achieved. This 

correlation was justified for two reasons which might be as follows: 

 

Firstly, the head teachers evaluated their schools relying on the schools’ current 

situation rather than their opening date. Therefore the old schools with no regular 

maintenance would achieve lower functionality than the new schools. 

 

Secondly, the new design and regulation principles are more acceptable and modern 

than those applied in the old schools. However, the schools sample chosen was still 

within the last twenty years, in which there was little change in the general design 

issues. 

 

 

7.4.3.   Function based construction cost model for school project at early stages        

The main aim of sending the survey was to determine the level of achievement, from the 

head teachers’ perspectives, of the UK existing schools registered in BCIS for the 

various stated design variables. This level of achievement and other items of basic 

information about the schools are going to be employed to develop a cost model to 

estimate the cost of new a build school project at the briefing stage using regression 

analysis under SPSS program. 
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7.4.3.1.   Construction cost unit 

An estimation of the construction cost is sought by developing the function based 

construction cost model based on the head teachers’ (school users) desired design 

variables and basic information about the schools available at the briefing stage of forty 

nine school buildings, collected from BCIS. Three hundred historical school projects 

built in since 1990 were included in the survey, but only sixty three projects were 

returned. Fourteen school projects were excluded, as their BCIS analyses were for 

additions to existing schools. Based on this, only forty nine school buildings were used 

in the regression analysis to build the function based construction model to predict the 

construction cost of the new build school projects at the briefing stage of the school 

project life cycle. Figure 7.13 shows the possible times for applying the proposed 

construction cost within a traditional project’s stages. 

 

 

7.4.3.2.   Need for new model 

Cost models and techniques applied to estimate the cost for construction projects should 

use all available information at the stage at which the cost model is applied (Ferry et all 

1999). Cost models differ among the different projects, depending on the information 

used, techniques undertaken and the stage at which they are applied.  

 

There are different cost techniques available to estimate the construction cost at the 

early stages of the project life cycle based on varying levels of technical design 

information as discussed in Chapter 2. In the present chapter, building new cost model 

to predict the cost of new build school projects is sought, relying on the early stage 

information available at the briefing stage and drawing from both, information from the 

brief, and relevant historic cost data available in BCIS database. In other words, the cost 

model would depend on the various general clients design and engineering needs and 

requirements in non technical meaning such as the level of performance required for 

maximizing the using of natural light or ventilation etc, and also basic school project 

information, such as school area, the number of storeys, the function of the school and 

the contract period. 
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Figure 7.13 Construction cost model position within the RIBA project life-cycle steps 

 

 

As stated in chapter 2, two statistical cost prediction models for estimating the cost of 

the new build school projects at the early stages of the project life-cycle have been 

derived from the literature. The first study was published by Elhag and Boussabaine 

(1998) using Artificial Neural Network (ANN), based on historic data from the BCIS 

cost database. However, three issues were of concern in this model; firstly, the low 

amount of project data used in developing the model (thirty school projects) compared 

with 49 for the present study. Secondly, they did not use all the information available at 

the early stages of the school project life cycle, which is the various clients’ design 

needs. Instead, they relied on what was available from the BCIS data base. Therefore, 

the cost model did not achieve the main criteria of building cost models, which is using 

all available information at the stage of applying the models. Thirdly, regarding the 

accuracy of the technique used to build the ANN cost model, some researchers have 

found that the accuracy of models developed using regression analysis is greater than 

that of the models built by ANN technique (Elhag and Boussabaine, 1999; Rossini, 

1997). The average percentage accuracy achieved by using regression analysis and 

ANN technique were 93.3% and 90.9% respectively (Elhag and Boussabaine, 1999). 

They conducted their study on office projects data from BCIS. Furthermore, Rossini 

(1997), in his model for valuation of residential property, found that the mean absolute 
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error obtained by multiple regression analysis was 10.42%, compared with the figure 

obtained by using ANN which was 15.7%. 

 

The second study was published by AL-Sharif and Kaka (2007) using Multiple 

Regression Analysis (MRA) based on historic data from the BCIS cost database. Four 

issues were also of concern in this model. Firstly, the researcher did not use all the 

possible information available at the early stages of the school project life cycle in 

which this issue reduced the reliability of the cost model built for expressing the stage it 

was applied at. Secondly, AL-Sharif included some technical design information in his 

cost model including the type of used frame and foundation variables which would not 

typically be available at the briefing stage of the school project life cycle. Thirdly, the 

cost model did not take account of the variables where no information existed, and so 

only the construction cost of projects for which information relating to all the variables 

could be predicted. Lastly, AL-Sharif used all the new build school projects available in 

BCIS which are not known to be either purely new build schools or just new blocks 

within the existing schools, which might lead to a bias in the cost model built.    

 

Consequently, the need emerged to construct a new cost model to estimate the cost of 

new build school projects using all the information available at the briefing stage. This 

cost model is going to employ the various design needs and requirements for school 

projects asked by the clients, in addition to the basic school information available at 

BCIS which is believed to be available at the briefing stage and was used by the 

previous two studies. 

 

 

7.4.3.3.   Sample used to build the proposed cost model 

As mentioned previously, 300 primary and secondary new build school projects 

registered in BCIS cost data were included in the survey. Only 63 valid returns were 

obtained, of which only 49 were valid to be taken account of in building the proposed 

cost model. The other 14 projects were excluded because their BCIS analyses were 

believed to be for new blocks within existing school buildings rather than purely new 

build schools. Tabachnick & Fidell (2001) stated that for applying multiple regression 

analysis, samples should be divided into 80% for training and 20% for testing the model 

as part of validating it. The data on forty returned schools was used as training data to 

develop and train the regression cost model, and the data on the remaining nine schools 
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was kept for testing the resulting equation. Table 7.12 shows the type and the number of 

schools used in building the model; the data of thirty six primary schools and 4 

secondary schools (representing 90% and 10% of the sample respectively) were used in 

regression cost modelling. 

 

 

 

School type Training sample Percent % 

Primary 36 90% 

Secondary 4 10% 

Total 70 100% 

                                Table 7.12 Type and number of school buildings 

 

 

For each school in the sample, from the BCIS cost data base, information included of 

school area (accommodation), the number of storeys, the function type of the school, 

the type of procurement used, the type of contract used, the school contract period, the 

contingencies percent, the preliminaries percent, the school building cost, the total 

school cost, ground condition, working space restrictions, access restrictions, water 

level, the presence of a basement and demolition of pre-existing buildings was done. 

From the survey, information is also included about the age of the school building, the 

level of achievement which the school attains for the various stated design and 

engineering requirements which are considered as variables for the analysis used. Table 

7.13 and Figure 7.14 show a sample description by the frequency and percentage of 

each type of the sample schools for each year. 

 

 

Figure 7.14 Sample distribution by year   

0

1

2

3

4

5

6

7

8

9

1990 1992 1993 1995 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

School opening year

N
u
m

b
e
r
 o

f 
sc

h
o
o
l 
p
r
o
je

c
ts



Chapter 7: Function-based construction cost model for new build-school projects 

278 

 

Opening 

year 

Primary 

Schools 
Percent % 

Secondary 

Schools 
Percent % Total Percent % 

1990 1 2.04% 0 0.00% 1 2.04% 

1992 2 4.08% 0 0.00% 2 4.08% 

1993 1 2.04% 0 0.00% 1 2.04% 

1995 3 6.12% 1 2.04% 4 8.16% 

1998 8 16.33% 0 0.00% 8 16.33% 

1999 1 2.04% 0 0.00% 1 2.04% 

2000 3 6.12% 1 2.04% 4 8.16% 

2001 2 4.08% 1 2.04% 3 6.12% 

2002 5 10.20% 0 0.00% 5 10.20% 

2003 1 2.04% 0 0.00% 1 2.04% 

2004 4 8.16% 1 2.04% 5 10.20% 

2005 1 2.04% 0 0.00% 1 2.04% 

2006 4 8.16% 1 2.04% 5 10.20% 

2007 2 4.08% 0 0.00% 2 4.08% 

2008 2 4.08% 0 0.00% 2 4.08% 

2009 4 8.16% 0 0.00% 4 8.16% 

Total 44 89.80% 5 10.20% 49 100.00% 

Table 7.13 Sample type and total by year 

 

 

7.4.3.4.   Variables included in multiple regression analysis            

Project costs differ from project to project depending on the project functionality, 

elements, specifications, location, size and other cost variables (Jaggar et al., 2002). The 

costs are affected by the extent to which they achieve their functions, and also affected 

by other cost variables, drawn mostly from the data source, describing the requirements 

and specifications on which the project cost was calculated. The previous stated school 

projects information variables extracted from BCIS and believed to be available at the 

briefing stage are included in the cost model. As project value for money is achieved by 

its function, quality and whole life cost (Kelly, 2004); and as the cost model should 

express the all available information at the stage at which it is used; and since the clients 

is the only person or organization who has the power to determine the degree of 

achievement and performance of their projects (Jaggar et al., 2002), the levels of 

achievement and performance which the sample school clients assigned in the survey to 

the various stated design and engineering requirements, expressing the projects function 

and quality, are also comprised in the cost model. However, as the number of returned 

respondents school projects, was lower than the number of variables included, and as 
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the 36 design and engineering variables were classified under 9 general design and 

engineering categories, only the 9 general categories were included in building the cost 

model. Table 7.14 lists the variables included in the cost model and their values. 

 
 
 Variable Code Values 

1 
Cost without external 
costs 

ASchCost7m2 £ 

2 Total contract cost ASchCost6m2 £ 

3 General design categories  Scale numbers 

4 Function Schtype Primary            Secondary 

5 Presence of a basement SchBase Yes                   No 

6 Procurement used Procurement3 Competition        Others      Unknown 

7 Contract used Contract2 JCT1       JCT2    Others      Unknown 

8 Contract period CPriod1 Months 

9 number of floors SchStoreys1 Single      2           3 

10 Contingencies ContingenciesP1 % 

11 Preliminaries PreliminariesP1 % 

12 Gross area GrossAm2 m2 

13 Ground condition GCondition Good     Moderate     Poor     Unknown 

14 Access restriction AccessR Unrestricted     Restricted      Unknown 

15 Working space WSpace Unrestricted     Restricted      Unknown 

16 Water level WaterL Above              Below            Unknown 

17 
demolition of pre-existing 
buildings 

DemoL Yes                   No                 Unknown 

Competition: Open competition, selected competition and two stage tendering 
Other Procurements: negotiated, continuation, serial continuation, design & build competitive, design & 
build negotiated and design & build for ppp (pfi) 
JCT1: JCT 1980 and JCT 1980 with contractor design 
JCT2: JCT 1998 and JCT 1998 with contractor design 
Other Contracts: JCT Intermediate form, JCT Private 1998, JCT Intermediate 1998, JCT Private with 
contractor design, JCT  with contractor design 1981, JCT Private 1980, JCT Private 1980 with contractor 
design, JCT Intermediate 2005 with contractor design, NEC Target cost 2005, JCT Prime cost form 1998, 
JCT Standard building 2005, JCT Intermediate building contract 2005, ACA Project partnering contract 
2000, JCT Design & Build 2005, JCT Intermediate building with contractor design 2005 and Client own 
contract. 

Table 7.14 Regression analysis variables types and values 

 

 

7.4.3.4.1.    School project cost 

Two school project cost figures were considered to be in the regression analysis as 

dependent variable. The first cost was the total school contract sum including the 

building, preliminaries, contingences and external costs. The second figure was the total 

contract sum without the cost of external works, for which the external works costs 

generally vary considerably from one school project to another. This cost figure 

expresses the construction capital cost excluding cost of land, design and professional 

fees, operational costs and other financial fees. Those cost figures were divided by the 

total gross area of the school building to get the cost per square metre (m2). Table 7.15 
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shows some statistical information about the total contract cost of the sample for all 

school projects, primary schools and secondary schools. Figures 7.15 and 7.16 present 

the range of distribution of the cost figures for the primary and secondary schools in the 

sample. 

 

 

 

Category 
Total Contract Cost Total Cost without External Cost 

All Schools Primary Secondary All Schools Primary Secondary 

Mean 1233.52 1266.77 934.24 1077 1102 851.95 
Median 1086.4050 1132.01 883.15 969.7150 1022.26 796.35 

SD 487.28709 497.89253 249.014 371.5 378.383 220.755 

Minimum 629.48 629.48 690.37 589.12 589.12 651.21 

Maximum 2284.15 2284.15 1280.29 1983.94 1983.94 1163.87 

Outlier 3019.79 3019.79  2260.28 2260.28  

Sample N 40 36 4 40 36 4 

Table 7.15 Cost variable statistical characteristics 

 

 

 

 

Figure 7.15 Total cost range of sample school buildings 

 

 

 

The cost mean of the sample primary schools was more than the cost mean of the 

sample secondary schools as shown in Table 7.15 and Figures 7.15 and 7.16 because the 

total cost of the primary schools ranged between £629.48 and £2284.15 per square 

metre, while the total cost of the secondary schools ranged between £690.37 and 

£1280.29 per square metre.  
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 Figure 7.16 Total cost (without external cost) range of sample school buildings 

 

 

According to Jaggar et al (2002), all costs taken from BCIS should be adjusted for time 

and location to make them comparable. Adjustment of time is required to cover the cost 

trends over the time. Further, the cost of projects are affected by the location of the 

project, and so constructing a school in central London would have a different cost to 

constructing it in north London at the same time. So time and location adjustments were 

made for the different sample schools. Hence, they were adjusted for the first quarter of 

2010 with cost index from BCIS Tender Price Indices (TPI) of 207 and the base 

location, using the mean national location factor for UK according also to BCIS 

regional trends, of 100 for the year of 1985. Further, BCIS site offers the ability to 

adjust the whole projects costs for the time and location sought. Equation 1 is used by 

BCIS for the time and location adjustments. And so the BCIS mean was used to get the 

adjusted costs for the various sample projects. 

 

C adjusted = C actual x (TPIQ12010/TPIactual) x (MLF1985/RLFactual)             Equation 1             

  

Where C adjusted           :  Adjusted project cost for Q12010 (207) and mean location (100) 

           C actual           : Actual (bidding) project cost 

           TPIQ12010      :  Tender Price Index Q12010 = 207  

           TPI actual       : Actual project cost at tender base date, for a specific projects 

           MLF1985        : Mean Location Factor of the UK 1985 = 100 

           RLF actual      : Regional Location Factor of a specific project 

 

Figure 7.17 presents the actual and adjusted school project total costs of the sample. The 

adjusted total cost and cost without external cost were used in regression analysis in 

developing the cost model. 
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Figure 7.17 Actual bidding and adjusted total cost 

 

 

7.4.3.4.2.   Building area 

One of the most important factors that affect the project cost is the project area. Further, 

as stated in literature and found in practice, gross floor area contributes highly in tender 

price estimation (Boussabaine and Elhag, 1999). Boussabaine and Elhag (1999) found 

out that 87.23 % of tender price variations for office projects are accounted for by area. 

In addition, it becomes 89.7% of tender price variation by project area and contract 

duration combined. Jaggar et al (2002) stated that the gross area cost model is applied 

widely at the briefing stage, at the time when budget is determined. This model depends 

mainly on the gross area of the project to get its total cost, in addition to the experience 

of the quantity surveyors.  

 
 

Category All Schools Primary Secondary 

Mean 2135.38 1463.67 8180.75 
Median 1383.50 1353 9398.5 

SD 2433.740 563 4377.12 

Minimum 605 605 2198 

Maximum 11728 3570 11728 

Outlier 40 36 4 

Table 7.16 Area statistical characteristics 

 

 

As shown in Table 7.16, the schools’ areas vary from 605 m2 to 3570 m2 in primary 

schools and from 2198 m2 to 11728 m2 in secondary schools. The big difference in the 

areas between secondary, despite their low proportion, and primary schools caused the 

area mean to rise to 2135.38 m2 for the whole sample from being 1463.67 m2 in primary 

schools. Figure 7.18 presents the distribution of the sample schools areas. 
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Figure 7.18 Areas of school buildings 

 

 

7.4.3.4.3.    School function 

The school types in the sample were limited to secondary and primary schools, 

according to their availability in BCIS data, where the school function was categorised 

into primary and secondary schools. The school type variable affects the cost widely, as 

shown in Table 7.15, which shows that the total cost per square meter mean of primary 

schools was higher than the cost mean of secondary schools in the sample, since 

secondary schools need more design requirements for their curriculum than primary 

schools. This difference of space and design requirements can be shown in school 

design Bulletins 98 and 99, for primary and secondary schools respectively. The sample 

used in the model consists of thirty six primary schools (90%) and four secondary 

schools (10%) as shown in Table 7.17 and presented in Figure 7.19.  

 

School Type Sample Percent % 

Primary Schools 36 90% 

Secondary Schools 4 10% 

Total 40 100% 

                                 Table 7.17 Sample school functions 

 

 

Figure 7.19 School function type percent 
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7.4.3.4.4.    Ground condition 

Boussabaine and Elhag (1999), in their study amongst quantity surveyors, found out 

that both cost and duration of construction projects were highly affected by the ground 

condition. Three types of ground condition were explored in BCIS, which are good, 

moderate and poor. The distribution of the ground condition of the sample school 

projects is presented in Table 7.18 and Figure 7.20.  

 

 
Ground condition Frequency Percent % 

Bad or Poor 5 12.5% 

Moderate 13 32.5% 

Good 12 30% 

Unknown 10 25% 

Total 40 100% 

                                 Table 7.18 Ground condition of the sample 

 

 

 

Figure 7.20 Ground condition frequencies of the sample percent 

 

Table 7.18 and Figure 7.20 show that the moderate condition has the highest percentage 

of 32.5%. The percentages of Good, Unknown and Bad condition were 30%, 25% and 

12.5%, respectively. 

 

 
7.4.3.4.5.    Working space and access restriction 

Working space and access restriction are some of the items of information assumed to 

be available at the briefing stage. BCIS gives specific index number for each category, 

and so the cost would change depending on each situation. Since BCIS data considers 

that the cost would be affected by working space and access restriction conditions, it 

gives each category an index number. These are presented in Table 7.19. 
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Category Working Space index Access Restriction index 

Unrestricted 99 98 

Restricted 101 101 

Unknown 100 100 

Table 7.19 BCIS index numbers for working space and access restriction 

 

 

Each of the categories was accompanied by three variables: unrestricted, restricted and 

unknown. The distribution of the two variables over the sample is presented in Table 

7.20 and Figure 7.21. They show that most of the sample school projects (50%) had 

unrestricted working space and access, whereas unknown and restricted came in second 

and third with percentages of 30% and 20% respectively.    

 
 

  Category 
Working Space Access Restriction 

Frequency Percent % Frequency Percent % 

Unrestricted 20 50% 20 50% 

Restricted 8 20% 8 20% 

Unknown 12 30% 12 30% 

Total 40 100% 40 100% 

Table 7.20 Working space and access restriction conditions 

 

 

 

Figure 7.21 Working space and restricted variables percent 

 

 

7.4.3.4.6.    Water level and demolition presence  

Water level and the necessity for demolition are considered to be other elements of the 

information which could be available at the briefing stage. Excavation above water 

table, below water table and unknown were given for water level variables. The 

demolition variable was given a binary value of yes and no, unknown which is also 

adopted. The frequencies and percentages of the different categories of the sample are 

presented in Tables 7.21 and 7.22 and Figures 7.22 and 7.23. 
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Water level Frequency Percent % 

Above water level 26 65% 
Below water level 2 5% 
Unknown 12 30% 
Total 40 100% 
Table 7.21 Water level variable 

   

 
Demolition Presence Frequency Percent % 

Yes 24 60% 
No 5 12.5% 
Unknown 11 27.5% 
Total 40 100% 
  Table 7.22 Demolition occurrence variable 

 

 

 

Figure 7.22 Water level variable percent 

 

 

 

Figure 7.23 Demolition occurrence variable percent 

 

Previous tables and figures show that most of the sample projects had an excavation 

above water level and none demolition, with 65% and 60% respectively. 
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Another variable has also a strong affect on the project cost. Boussabaine and Elhage 
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effect than the ground condition variable. The larger the number of floors, the higher the 

influence this factor has on the project cost (Ashworth, 2004). Concerning this survey, 

the number of floors was 1, 2 or 3 storeys. Moreover, 70% of the sample schools consist 

of a single storey. 25% have two storeys and only 5% have three storeys. The 

distribution of the sample school buildings’ numbers of storeys are shown in Table 7.23 

and Figure 7.24. 

 

  
Number of storeys Frequency Percent % 

1 28 70% 

2 10 25% 

3 2 5% 

Total 40 100% 

                                  Table 7.23 Sample school buildings’ number of floors 

 

 

 

Figure 7.24 Sample schools’ number of storeys percent 

 

 

In addition, the respondents were asked about the presence of a basement for their 

school buildings. BCIS considers the presence of a basement is separate from the 

buildings’ number of floors and deals with it as separate information. Most of the 

sample projects do not have a basement, as shown in Table 7.24 and Figure 7.25. 

  

Presence of basement Frequency Percent % 

No 38 95% 

Yes 2 5% 

Total 40 100% 

                             Table 7.24 Sample school buildings’ number of floors 
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Figure 7.25 Presence of a basement of the sample schools percent 

 

 

7.4.3.4.8.    Types of procurement and contract used 

The types of procurement and contract adopted to be used for new build project were 

also believed to be information available at the briefing stage. They were believed to 

have a strong influence on the project cost. BCIS determined the types of procurement 

used for school projects as: open competition, selected competition, two stage 

tendering, negotiated, continuation, serial continuation, design & build competitive, 

design & build negotiated and design & build for PPP (PFI). BCIS also limited the 

contracts used to JCT 1980, JCT 1980 with contractor design, JCT 1998, JCT 1998 with 

contractor design, JCT intermediate form, JCT private 1998, JCT intermediate 1998, 

JCT private with contractor design, JCT  with contractor design 1981, JCT private 

1980, JCT private 1980 with contractor design, JCT intermediate 2005 with contractor 

design, NEC target cost 2005, JCT prime cost form 1998, JCT standard building 2005, 

JCT intermediate building contract 2005, ACA project partnering contract 2000, JCT 

design & build 2005, JCT intermediate building with contractor design 2005 and client 

own contract.  

 

However, as a result of the low response rate of this survey, the different types of 

procurements and contracts were merged to reduce the number. The procurement used 

variable was given two general types. “Competition type” included open competition, 

selected competition and two stage remaining stated procurement types. The contract 

variable was categorised under ”JCT1” for JCT 1980 and JCT 1980 with contractor 

design, and “JCT2” for JCT 1998 and JCT 1998 with contractor design, and other 

contracts for the remaining stated contracts. “Unknown” value was given to those 

projects which do not have this information available in BCIS analyses. The distribution 
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values of the procurement and contract variables are presented in Tables 7.25 and 7.26 

and Figures 7.26 and 7.27. 

 

 
Category Frequency Percent 

Competition procurement 32 80% 

Other procurements 3 7.5% 

Unknown 5 12.5% 

Total 40 100% 

                               Table 7.25 Sample schools’ procurement types used 
 

 
Category Frequency Percent 

JCT LA Contract 1980 9 22.5% 

JCT LA Contract 1998 14 35% 

Other contracts 12 30% 

Unknown 5 12.5% 

Total 40 100.0 

                               Table 7.26 Sample schools’ contracts adopted 
 

 

 

Figure 7.26 Sample schools’ procurement types used percents 

 

 

 

Figure 7.27 Sample schools’ contracts adopted percents 
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Tables 7.25 and 7.26, and Figures 7.26 and 7.27 show that most of the sample projects, 

80% percent, used the competition procurements over the other types. They also 

indicate that JCT LA contract 1998 was highly used with 35% percent in comparison 

with 30% and 22.5% for the other contracts and JCT LA contract 1980 respectively. 

Only 5 percent of the total sample projects did not have the contract type information. 

 

 

7.4.3.4.9.   Preliminaries Percents 

Preliminaries of the construction projects include all indirect costs accompanied by the 

direct costs. Preliminaries comprise the cost of scaffolding, site offices, site 

management team, team facilities such as toilets, canteen and first aid, insurance of 

various works, plant and equipment and their maintenance in general, temporary 

protection, cleaning works, such as keeping roads clear of mud, removal of sits’ debris 

and cleaning the various works, safety requirements and other general items specific to 

the contract conditions (Flanagan and Tate, 1997). Ferry et al (1999) indicated that the 

other contract condition items would include redundancy payments, national insurance 

payments, possible increase of labour and materials costs, bonuses or other 

supplementary payments and head office expenses. Quantity surveyors might calculate 

the preliminaries costs in details or as a percentage of the contract building cost. 

Standard form of cost analysis by BCIS considers preliminaries costs as a percentage of 

the total contract cost. 

 

The preliminaries percentages of the sample school projects ranged from 1% to 19% 

with a mean of 8.82% for the whole sample. The standard deviation (SD) of primary 

schools (4.63%) was near to whole sample SD (4.63%) more than the SD of the 

secondary schools (1.73%). Table 7.27 and Figure 7.28 present the statistical 

specifications and scattered distribution of the sample projects’ preliminaries costs.  

 
 

Category All Schools % Primary School % Secondary School % 

Mean 8.82% 9.08% 6.5% 
Median 8% 9.50% 7% 

SD 4.48% 4.63% 1.73% 

Minimum 1% 1% 4% 

Maximum 19% 19% 8% 

Table 7.27 Preliminaries statistical specifications 
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  Figure 7.28 Sample projects’ preliminaries costs percent 

 

 

7.4.3.4.10.    Contingencies Percents 

The contingencies sum is defined by PMI (2000) as the amount of money and time 

needed over the accepted estimate to cover the risk of overruns on the projects 

objectives to the acceptable level of the organisation. The contingencies sum is set also 

to cover the agreed changes which might happen in the design and construction stages. 

It covers only the changes agreed between the sponsor and contractor (Baccarini, 2004). 

The contingencies sum is also applied to cover unforeseen items and eventualities 

which occur during the construction (Flanagan and Tate, 1997). There is no agreed 

percentage for contingencies among the experts: however, it is set by relying on the 

experience of the contractor in order to cover unexpected circumstances and agreed by 

the project client. Ferry et al (1999) stated that the contingencies sum is not part of the 

contractor’s tender, but it is the amount which the contractor adds to their tender in 

order to absorb unforeseen extras. 

 

The contingencies percentage is added to the project estimate derived from intuition, 

past experience of the market and the people dealt with and historical data. The 

contingencies sum, added by the contractor’s estimator, is to ensure that the estimated 

project cost is reliable and sufficient to contain costs resulting from risks and 

uncertainties (Mak et al, 1998). Baccarini (2004) found in his study that construction 

contingencies covered only 52.25% of the approved contract variations. As a result, the 

contingencies percentage should be estimated more accurately. 

 

Contingencies percentage costs were found to have been added to thirty seven projects 

out of the forty projects of the total sample. For this survey, contingencies percentages 
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ranged between zero and 11%, with a mean of 2.62% as shown in Table 7.28 and in a 

scatter distribution as shown in Figure 7.29.  

  

 
Category All Schools % Primary School % Secondary School % 

Mean 2.62% 2.67% 2.25% 
Median 2% 2% 2% 

SD 1.86% 1.96% 0.5% 

Minimum 0% 0% 2% 

Maximum 11% 11% 3% 

Table 7.28 Contingencies statistical specifications 

 

 

 

   

  Figure 7.29 Sample projects contingencies costs percent 

 

 

7.4.3.4.11.   Project Contract Duration 

Project duration variable is believed to have an influence on the project cost, as there is 

a strong positive linear relationship between the project contract duration and tender 

price (Boussabaine and Elhag, 1999). They found that 70.44% of tender price variations 

were accounted by the project duration variables. Further, the project duration was 

among the various factors affecting cost estimation listed by Akintoye (2000). For this 

survey, the mean project contract duration was 14.1 months, 13.13 months for primary 

schools and 24.33 months for secondary schools. The value of zero is given for the 

contract durations of schools for which either this piece of information is not in the 

BCIS analysis or the contract duration was not determined at the time of analysis. Those 

school projects were four primary schools and one secondary school. The statistical 

information and scattered distribution of the sample contract durations are presented in 

Table 7.29 and Figure 7.30.   
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Category All Schools % Primary School % Secondary School % 

Mean 14.1 13.13 24.33 
Median 12 12 16.5 

SD 5.75 3.56 11.67 

Minimum 7 7 12 

Maximum 40 21 40 

Table 7.29 Sample project durations statistical specifications 

 

 

   

  Figure 7.30 Sample project durations percent 

 

 

7.4.3.4.12. General design and engineering requirements variables with their 

assigned performance 

In the previous chapter, thirty six design and engineering variables, which were believed 

to be available at the briefing stage, were found to be the prioritised school clients 

design needs for new build school projects. As these variables are considered as the 

basis of designing an excellent new build school that satisfies the school clients, it is 

believed that the cost model applied at the briefing stage to estimate the cost of new 

build school projects should include these variables as the basis for predictions. 

 

Initially, it was planned to include all of the 36 variables separately. However, as a 

result of the low number of respondents, the general design variables were considered 

as representatives of their low case variables. The scores of these general variables 

were calculated as the sum of the scores of their lower case variables (Equations 2 to 8). 

All categories of design variables included in the proposed cost model are presented in 

Table 7.30. Further, the statistical information of the general design and engineering 

variables for the 40 cases contributing to the regression analysis are presented in Table 

7.31. 
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Categorical 

variable 
Lower case variables Description 

TOTACCOMS ACCOMS1,…., ACCOMS5 
Calculated total accommodation requirements 
satisfaction 

TOTSUSTAINS SUSTAINS1,…., SUSTAINS4 
Calculated total sustainability requirements 
satisfaction 

TOTENVIROS ENVIROS1,…., ENVIROS7 
Calculated total environmental requirements 
satisfaction 

TOTDESPLNS DESPLNS1,….., DESPLNS8 
Calculated total design & planning requirements 
satisfaction 

TOTACCESSS ACCESSS1,….., ACCESSS4 
Calculated total accessibility requirements 
satisfaction 

TOTSAFETYS SAFETYS1,….., SAFETYS4 Calculated total safety requirements satisfaction 

TOTOPERS OPERS1, OPERS2 
Calculated total operation requirements 
satisfaction 

VFMS VFMS Value for money 

QOBS QOBS Quality of building design 

Table 7.30 General design variables 

 

 

TOTACCOMS     = ACCOMS1+ ACCOMS2+……+ACCOMS5                  Equation 2 

 

TOTSUSTAINS   = SUSTAINS1+SUSTAINS2+…..+SUSTAINS4              Equation 3 

 

TOTENVIROS    = ENVIROS1+ENVIROS2+……+ENVIROS7                  Equation 4 

TOTDSNPLNS   = DSNPLNS1+DSNPLNS2+……+DESPLNS8                  Equation 5  

 

TOTACCESSS    = ACCESSS1+ACCESSS2+……+ACCESSS4                  Equation 6 

 

TOTSAFTEYS    = SAFETYS1+SAFETYS2+…….+SAFETYS4                 Equation 7 

 

TOTOPERS         = OPERS1+OPERS2                                                           Equation 8 

 
 Mean Median SD Minimum Maximum 

TOTACCOMS 17.55 18.00 4.344 9 25 

TOTSUSTAINS 12.75 12.50 3.719 5 20 

TOTENVIROS 25.15 25.00 5.250 14 35 

TOTDESPLNS 28.88 29.00 5.867 14 40 

TOTACCESSS 16.28 16.00 3.404 8 20 

TOTSAFETYS 16.88 16 2.662 12 20 

TOTOPERS 6.55 6 1.782 4 10 

VFMS 3.55 3.5 .932 2 5 

QOBS 3.52 3.5 .987 1 5 

 Table 7.31 Statistical characteristics of the general design variables  

 

 

7.4.3.5.   Developing the cost model by Multiple Regression Analysis 

As discussed previously, multiple regression analysis was adopted to build the new 

proposed build cost model, relying on the assigned performance of the general school 
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client design needs and requirements and the basic information from the historic BCIS 

school projects. Regression analysis is a statistical means of discovering the relationship 

and correlation between one continuous variable as a dependent variable and other 

independent variables (Fellows and Liu, 2005). The extent to which the variance of the 

dependent variable can be predicted or described by the independent variables is the 

main output of this analysis. In other words, the extent to which the score of the 

dependent variable can be predicted by including the scores and variances of the 

independent variables using the linear equation which relate the dependent variables 

with the other independent variables (Tabachnick & Fidell, 2001). Simple regression 

seeks to predict an outcome from a single predictor (the correlation between two 

variables), whereas multiple regression seeks to predict an outcome from several 

predictors (the correlation between one variable and other variables) (Field, 2000). 

 

 

Multiple Regression Analysis 

Two cost figures, which are the total contract sum and the contract sum excluding 

external works costs, were employed as the dependent variable. The general design 

categories, school function, basement presence, type of procurement used, contract 

used, school contract period, number of school floors, contingencies percents, 

preliminaries percent, school gross area, ground condition, access restrictions, working 

space, water level and prior demolition were considered as the  independent variables. 

All variables used are presented in Table 7.14. The data collected for all variables was 

processed using SPSS 16 statistical software. 

 

In reality, the analysis was applied in two stages. In the first stage (Model 1), all the 

independent variables except the total general design requirements were used to 

construct the equation. Then, in the second stage (Model 2), the general design variables 

were included in the analysis to explore the extent to which this addition enhanced the 

predicted equation. General design requirements were used instead of the detailed 

general requirements, because of the low number of cases included. 
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7.4.3.5.1   Applying regression analysis for all variables except the general design  

                 needs (Model 1) 

This cost model will include all the previous stated variables but the assigned 

performances of the general design and engineering requirements. The main aim of that 

is to compare the results with those in the previous models stated in literature and also 

study the effect of including the general design and engineering requirements in the 

model.  

 

 

A- Assessing the suitability of the data to apply multiple regression analysis 

The same general assumptions of Pearson product-moment correlation should be 

achieved by this analysis too. All sample schools’ head teachers answered the studied 

variables and so there were no missing values. Further, the observations obtained were 

independent, in that none of the respondents might be affected by any other respondents 

in any way. There were no outliers in the inputs. All the values of the cases in the 

scatter plot between the predicted values of the dependent variable (total cost or total 

cost without external costs) and the residual values, which are between the observed and 

predicted values of the dependent variable, were between 3.3 and -3.3. This indicates 

that there were no outliers in the inputs (Tabachnick & Fidell, 2001). Besides, 

Tabachnick & Fidell (2001) stated that if Mahalanobis values of the analysis were lower 

than the specific Chi-square value, there are no outliers in the inputs. The Chi-square 

value is determined by the value of 0.001 of α and the number of independent variables 

shared in the analysis (Tabachnick & Fidell, C4, 2001). As all the Mahalanobis values 

for this analysis were lower than the determined value of Chi-square no outliers in the 

inputs were found. In addition, Tabachnick & Fidell (2001) also stated that if the values 

of Cook’s distance in the analysis are less 1, no outliers in the outputs are explored. 

Concerning this analysis, there was only one case which its Cook’s value was larger 

than 1, and so there was only one outlier in the results which would not highly affect the 

analysis. No elimination or changing of the variables values were applied to solve the 

outlier effect because of both the low responses and to prevent driving the real life data 

to a bias.  

 

Moreover, the project contract cost variables, which were the dependent variables, were 

normally distributed in terms of their scores over all the respondents. Descriptive 

analyses were used to study the normality of the distributions of the variables included 
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in the analysis. The mean of a Kolmogrove-Smirnov test was applied to study the 

normality of the variables’ score distribution. A non-significant result (Sig.value of 

more than 0.05) from the Kolmogrove-Smirnov test was found, indicating the normal 

distribution of the studied continuous variable (Tabachnick & Fidell, 2001). Histogram 

diagrams of the studied variable were also used to explore the normality assumption. 

 

In addition, the normality, linearity and homoscedasticity of the studied variables were 

three important assumptions to be attained to. The studied variables should not have a 

curvilinear relationship among each other and should have the same variability in 

scores. According to (Pallant, 2005 and Tabachnick & Fidell, 2001), a rectangular shape 

of the residuals scatter plot with most of the values near the zero value indicates that 

there is no violation of these assumptions. The scatter plot graph of this analysis was not 

perfect but sufficient to consider that there was no violation of normality, linearity and 

homoscedasticity. The scatter plots of this analysis for the two cost values are presented 

in Figures 7.31 and 7.32. 

 

Figure 7.31 The scatter plot of the regression analysis for the total cost without external costs 

 

Figure 7.32 The scatter plot of the regression analysis for the total cost 



Chapter 7: Function-based construction cost model for new build-school projects 

298 

 

Moreover, the values of tolerance (1-R2) of the independent variables were larger than 

0.1 and VIF (variance inflation factor) values were lower than 10. These values 

indicated that there was no multicollinearity among the studies independent variables 

(Pallant, 2005; Tabachnick & Fidell, 2001). However, the correlation between working 

space and access restriction variable was equal to 1 which indicates a high correlation 

between the two variables. And so, the analysis excluded the working space variable 

from the analysis. The sample cases gave the same answers for those two variables and 

so they can be considered as one variable without affecting the analysis. 

 

 

B- Applying Multiple Regression Analysis  

Multiple linear regression analysis by SPSS was applied to explore the correlation 

between either the total contract cost or the total cost excluding the external costs as the 

dependent variables and the other stated variables but the general design variables. 

Several outputs were sought by applying this analysis. The first output is R square, 

presented in the Model Summary table, which expresses the extent to which all the 

various independent variables explain the variance of the dependent variable. Further, 

the statistical significance of the analysis presented in The Analysis of Variance 

(ANOVA) table is another piece of information which expresses the total model fit. 

According to (Tabachnick & Fidell, 2001), in small sample, even a medium correlation 

between the variables might give no statistical significance. The coefficient table is also 

considered. It includes standardised Beta which explains the unique effect of the 

independent variables on the dependent variable, excluding the shared effect, after 

standardizing their scores to make them comparable. The coefficient table also presents 

the values of un-standardised β which are used to write the predicted equation given in 

Equation 9. Lastly, the statistical significance of the unique effect of each independent 

variable is shown in this table. All outputs tables are presented in tables 7.32 and 7.33 

and 7.34. 

 

Table 7.32 shows that the model explains 42.4% of the variance of the total cost 

excluding external costs and 42.8% of the variance of the total contract costs. The 

ANOVA table indicates that the model in the two situations was not statistically 

significant with values of 0.194 and 0.184, which were larger than 0.05. However, as 

stated previously, in small samples, even with medium correlations, the model might 
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not be statistically significant, so, the main reason for this result was the low number of 

cases obtained for this analysis.    

 

Model Summary b 
 

Total Cost without External Costs Total Contract Cost 

Model R 
R 

Square 

Adjusted 
R 

Square 

Std. Error 
of the 

Estimate 
Model R 

R 
Square 

Adjusted 
R 

Square 

Std. Error 
of the 

Estimate 

1 .651a .424 .136 260.30 1 .654a .428 .142 320.45 

a. Predictors: (Constant), Demolition Presence, Preliminaries Percent, Number of storeys, Contingencies 
Percent, Type of Procurement used for the School Classification 3, The Presence of A Basement, School 
Function Type, Access Restriction, Ground Conditions, School Contract Period Classification1, Type of 
Contract used for the School Classification 2, School Gross Area in m2, Water Level 
b. Dependent Variable: Adjusted School Building Contract Cost per m2 without External Work 
(Q12010=207, Location=100), Dependent Variable: Adjusted Total School Contract Cost £/m2 
(Q12010=207, Location=100) 

  
Table 7.32 Model summary 

 

 

 

ANOVA
b 

Total Cost without External Costs 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

1 

Regression 1296754.95 13 99750.381 1.472 .194a 

Residual 1761708.245 26 67758.009   

Total 3058463.198 39    

Total Contract Cost 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

1 

Regression 1999229.676 13 153786.898 1.498 .184a 

Residual 2669861.743 26 102686.990   

Total 4669091.419 39    

a. Predictors: (Constant), Demolition presence, Preliminaries Percent, Number of Storeys, Contingencies 
Percent, Type of Procurement used for the School Classification 3, The Presence of A Basement, School 
Function Type, Access Restriction, Ground Conditions, School Contract Period Classification1, Type of 
Contract used for the School Classification 2, School Gross Area in m2, Water Level 
b. Dependent Variable: Adjusted School Building Contract Cost per m2 without External Work 
(Q12010=207,Location=100), Dependent Variable: Adjusted Total School Contract Cost £/m2 
(Q12010=207,Location=100) 

 
Table 7.33 Model ANOVA  

 

Coefficients
a 

Total Cost without External Costs 

Model 
Unstandardised 

Coefficients 
Standardized 
Coefficients Sig 

β Beta 

1 (Constant) 577.299  .244 

School Function Type -182.965 -.199 .574 

The Presence of A Basement 135.740 .107 .629 

Type of Procurement used for 
the School Classification 3 

82.162 .204 .521 

Type of Contract used 
Classification 2 

44.802 .155 .596 

School Contract Period 29.501 .759 .018 
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Classification1 

Number of Storeys -150.025 -.310 .267 

Contingences Percent 45.551 .303 .132 

Preliminaries Percent 16.977 .272 .196 

School Gross Area in m2 -.007 -.062 .880 

Ground Conditions 33.712 .120 .657 

Access Restriction -78.109 -.246 .552 

Water Level 126.787 .417 .341 

Demolition presence -30.297 -.096 .765 

Total Contract Cost 

Model 
Unstandardised 

Coefficients 
Standardized 
Coefficients Sig 

β Beta 

1 (Constant) 820.631  .180 

School Function Type -121.274 -.106 .762 

The Existing of A Basement 253.942 .162 .464 

Type of  Procurement used for 
the School Classification 3 

107.872 .216 .494 

Type of Contract used for the 
School Classification 2 

93.307 .262 .372 

School Contract Period 
Classification1 

34.555 .720 .023 

Number of  Storeys -289.430 -.485 .087 

Contingences Percent 46.459 .250 .209 

Preliminaries Percent 11.857 .154 .458 

School Gross Area in m2 -.008 -.057 .890 

Ground Conditions 11.924 .034 .898 

Access Restriction -190.359 -.486 .243 

Water Level 195.085 .519 .237 

Demolition presence 1.290 .003 .992 

Dependent Variable: Adjusted School Building Contract Cost per m2 without External Work 
(Q12010=207,Location=100), Dependent Variable: Adjusted Total School Contract Cost £/m2 
(Q12010=207,Location=100) 
 
Table 7.34 Model coefficient table 

 

 

In addition, the coefficients table shows that the school contract period, the number of 

storeys in the school and the water level variables had the highest single effects on the 

total school project cost, excluding external works costs, with beta values of .759, .310 

and .417 respectively, while the school contract period, the number of school storeys, 

the water level and the access restriction variables had the highest individual effects on 

the total school project cost. The table also shows that only the school contract period 

variable had statistical significance with values of .018 and .023 which were smaller 

than .05. 

 

Furthermore, the prediction equation as a result of the regression model is as follow; 
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PCi = β0 + β1(school function)i + β2(basement presence)i + β3(procurement used)i +     

β4(contract used)i + β5(school contract period)i + β6(number of school floors)i +  

β7(contingencies percents)i + β8(preliminaries percent)i + β9(school gross Area)i + 

β10(ground condition)i + β11(access restriction)i + β12(water level)i + β13(demolition 

presence)i                                                                                                         Equation 9 

  

 Where         PC   =   Predicted Cost 

                       i     =   1,2,3,……, No of projects 

                       β    =    1,2,…….,12  Independent Variables Unstandardised Coefficients     

                                                                                                                   

This equation was used to predict the cost of school projects for given values of the 

independent variables. It was applied on the same sample as for training, to measure the 

prediction error based on Equation 10 below: 

 

Paei = (ACi – Pci) x 100/ ACi                                                                           Equation 10                                                           

 

Where           Pae   =   Prediction absolute error (%) 

                      AC   =   Adjusted real bidding cost 

 

 

The Prediction Accuracy (PA) was also calculated for each project based in Equation 11 

below: 

 

PAi  =   100 – Paei                                                                                           Equation 11  

 

The Mean Prediction Cost accuracy absolute error (MPCae) and Average Prediction 

Accuracy (APA) is calculated based on Equations 12 and 13: 

 

MPCae  =   (Σn
i=1 (|ACi - PCi|/ ACi) x 100%) / n                                            Equation 12 

 

APA  =  100% - MPCae                                                                                   Equation 13 

 

Tables 7.35 and 7.37 show prediction errors and accuracy for the training of the forty 

projects used in the model development; the Mean Prediction Cost absolute error was 

12.77% and the average accuracy of the model was 87.23% which were very near to 
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12.67% and 87.33%  for the total cost excluding external costs. The cost model was 

tested on nine school projects’ historic data which had not been used in the model 

development. The mean prediction error of the tested projects was 14.59% and the 

average accuracy was 85.41% which were near to the total cost excluding the external 

costs with 15.91% and 84.09%, as shown in Tables 7.36 and 7.38. 

 

 
  Project 

No 

Adjusted Cost 

(£/m2) 

Predicted Cost 

(£/m2) 

Prediction Error 

% 

Prediction 

Accuracy % 

1 892.8 1122.28 25.70 74.30 

2 1151.4 1214.76 5.51 94.49 

3 970.8 1197.38 23.34 76.66 

4 1498.4 1456.01 2.83 97.17 

5 2337.5 1635.18 30.04 69.96 

6 1615.3 1506.00 6.76 93.24 

7 1545.8 1296.24 16.15 83.85 

8 1473.4 1180.69 19.87 80.13 

9 1359.5 1380.32 1.54 98.46 

10 984.0 1378.07 40.05 59.95 

11 971.6 1157.30 19.11 80.89 

12 1148.8 1232.42 7.28 92.72 

13 1328.5 1281.36 3.55 96.45 

14 1295.1 1364.49 5.36 94.64 

15 1097.3 1028.67 6.25 93.75 

16 959.2 1146.58 19.54 80.46 

17 927.6 921.16 0.70 99.30 

18 1125.4 1312.94 16.66 83.34 

19 1194.8 1226.14 2.63 97.37 

20 1194.8 1226.14 2.63 97.37 

21 830.1 879.39 5.94 94.06 

22 1405.6 1517.41 7.95 92.05 

23 1260.7 1371.04 8.75 91.25 

24 1468.6 1125.93 23.33 76.67 

25 1410.0 1287.16 8.71 91.29 

26 1208.4 1541.23 27.54 72.46 

27 1202.9 1297.19 7.84 92.16 

28 1032.6 1407.62 36.32 63.68 

29 1424.4 1094.77 23.14 76.86 

30 1046.0 819.16 21.69 78.31 

31 1663.2 1437.09 13.60 86.40 

32 1335.9 1245.83 6.74 93.26 

33 1360.1 1229.74 9.58 90.42 

34 1280.6 1172.66 8.43 91.57 

35 1104.1 1266.67 14.73 85.27 

36 761.5 888.84 16.72 83.28 

37 1395.6 1402.28 0.48 99.52 

38 1313.0 1323.94 0.84 99.16 

39 1443.1 1394.52 3.37 96.63 

40 1172.3 1239.04 5.69 94.31 

 Number of projects 40 40 

 Mean 12.67 87.33 

 Standard Deviation  10.22 10.22 

Table 7.35 Adjusted and predicted total cost excluding external costs of the training projects  
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Project No 
Adjusted Cost 

AC (£/m2) 

Predicted Cost 

PC (£/m2) 

Prediction Error 

% 

Prediction 

Accuracy % 

1 1615.3 1480.59 8.34 91.66 

2 1213.1 1491.49 22.95 77.05 

3 1089.0 843.92 22.51 77.49 

4 1110.6 1297.02 16.78 83.22 

5 1060.8 1167.11 10.02 89.98 

6 1096.9 1419.39 29.40 70.60 

7 1236.4 1127.24 8.83 91.17 

8 1349.6 1604.35 18.88 81.12 

9 1729.4 1824.49 5.50 94.50 

 Mean 15.91 84.09 

 Standard Deviation  8.18 

Table 7.36 Construction cost excluding external costs model testing results 

 
 
 

 

Project No 
Adjusted Cost 

(£/m2) 

Predicted Cost 

(£/m2) 

Prediction Error 

% 

Prediction 

Accuracy % 

1 1074.37 1373.82 27.87 72.13 

2 1515.98 1592.33 5.04 94.96 

3 1199.95 1592.89 32.75 67.25 

4 2148.06 1985.21 7.58 92.42 

5 2838.40 2022.24 28.75 71.25 

6 1977.99 1837.43 7.11 92.89 

7 1854.09 1652.59 10.87 89.13 

8 1695.05 1399.60 17.43 82.57 

9 1543.73 1537.65 0.39 99.61 

10 1290.22 1699.72 31.74 68.26 

11 1321.25 1509.31 14.23 85.77 

12 1412.89 1590.40 12.56 87.44 

13 1531.50 1547.74 1.06 98.94 

14 1613.39 1762.66 9.25 90.75 

15 1222.91 1198.66 1.98 98.02 

16 1146.01 1391.01 21.38 78.62 

17 992.03 1099.35 10.82 89.18 

18 1390.31 1615.33 16.19 83.81 

19 1532.74 1586.53 3.51 96.49 

20 1532.74 1586.53 3.51 96.49 

21 1000.78 1092.93 9.21 90.79 

22 1744.88 1886.91 8.14 91.86 

23 1738.12 1673.78 3.70 96.30 

24 1800.16 1511.02 16.06 83.94 

25 1595.57 1447.78 9.26 90.74 

26 1478.16 1900.76 28.59 71.41 

27 1534.60 1588.16 3.49 96.51 

28 1400.80 1771.63 26.47 73.53 

29 1862.51 1337.92 28.17 71.83 

30 1588.20 1130.49 28.82 71.18 

31 1920.77 1803.93 6.08 93.92 

32 1714.29 1625.63 5.17 94.83 

33 1797.10 1590.64 11.49 88.51 

34 1808.78 1469.77 18.74 81.26 

35 1446.13 1547.87 7.03 92.97 

36 1011.62 1223.33 20.93 79.07 

37 1587.08 1680.78 5.90 94.10 

38 1682.19 1641.98 2.39 97.61 

39 1845.93 1813.75 1.74 98.26 

40 1468.29 1548.32 5.45 94.55 



Chapter 7: Function-based construction cost model for new build-school projects 

304 

 

 Number of projects 40 40 

 Mean 12.77 87.23 

 Standard Deviation  9.87 9.87 

Table 7.37 Adjusted and predicted total contract cost of the training projects  

 
 
 
 

Project No 
Adjusted Cost 

AC (£/m2) 

Predicted Cost 

PC (£/m2) 

Prediction Error 

% 

Prediction 

Accuracy % 

1 1971.54 1739.33 11.78 88.22 

2 1549.26 1800.84 16.24 83.76 

3 1333.53 1195.72 10.33 89.67 

4 1393.61 1403.93 0.74 99.26 

5 1236.42 1534.16 24.08 75.92 

6 1359.64 1724.42 26.83 73.17 

7 1469.93 1292.65 12.06 87.94 

8 1562.08 1837.97 17.66 82.34 

9 1961.02 2187.90 11.57 88.43 

 Mean 14.59 85.41 

 Standard Deviation  7.79 

Table 7.38 Construction cost model testing results 

 

 

The previous tables give the various actual costs, predicted costs, total accuracy and 

total error for the whole set of schools of the sample relying on the previous stated 

equations 9 to 13. The results were different from the results obtained by AL-Sharif 

(2007) who obtained the cost figure with 91.77% accuracy. This could be because he 

used a higher number of cases. Moreover, it could be as a result of dropping the two 

variables which were the type of frame used and the type of foundations used. 

 

 

7.4.3.5.2   Applying regression analysis for all the stated variables (Model 2) 

 

Multiple regression analysis was applied again to explore the correlation between the 

school project cost figure and both the basic school information included in the previous 

analysis and the various general design variables, which is the main aim of this 

research. The main aim of the research was to explore and study the possible 

relationship and correlation between the cost of the construction project and the level of 

achievement of the various design and engineering requirements which the project 

would attain from the clients and users perspectives. 
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A- Assessing the suitability of the data to apply Multiple Regression Analysis 

The assumptions of the absence of missing values and the independence of respondents 

were achieved. Since all scatter plot values were between 3.3 and -3.3 and all the 

Mahalanobis values for this analysis were lower than the determined value of Chi-

square, no outliers in the inputs were indicated. Further, there was only one case with 

Cook’s value which was larger than 1, so one outlier in the output was determined in 

case 36. 

 

Moreover, the project contract cost variables, which are the dependent variables, were 

normally distributed in terms of their scores over the respondents with Sig value of 

Kolmogrove- Smirnov larger than .05. 

 

The scatter plot graph of this analysis was not perfect but sufficient to consider that 

there was no violation of normality, linearity and homoscedasticity. The scatter plots of 

this analysis for the two cost values are presented in Figures 7.33 and 7.34. 

 

Moreover, the values of Tolerance (1-R2) of the independent variables were larger than 

0.1 and VIF (Variance Inflation Factor) values were lower than 10 except water level 

and access restriction variables. These values indicated that there was no 

multicollinearity among the other studies independent variables (Pallant, 2005; 

Tabachnick & Fidell, 2001). Two variables out of twenty three would not affect the 

analysis highly. In addition, the correlation between working space and the access 

restriction variable was equal to 1, which indicates a high correlation between the two 

variables, and so the analysis excluded the working space variable from the analysis. 

The sample cases gave the same answers for those two variables so they can be 

considered as one variable without affecting the analysis. 

 

Figure 7.33 The scatter plot of the regression analysis for the total cost without external costs 
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Figure 7.34 The scatter plot of the regression analysis for the total cost 

 

 

B- Applying Multiple Regression Analysis 

Multiple linear regression analysis by SPSS was applied to explore the correlation 

between either the total contract cost or the total cost excluding the external costs as the 

dependent variables and the all variables stated in Table 7.14. All analysis outputs 

which are R square, the whole model statistical significance, standardised Beta, un-

standardised β used to write the predicted equation given in Equation 14 and the unique 

independent variables’ statistical significance values are presented in Tables 7.39, 7.40 

and 7.41). 

 

Table 7.39 shows that the model explains 66% of the variance of the total cost 

excluding external costs and 71.5% of the variance of the total contract costs. Those 

results indicated that adding the general design variables into the model enhanced the 

overall model output. The variables now explain 71.5% of the total school project cost 

which was more than the previous model with 42.8%. Further, the ANOVA table tells 

that the model in the two situations was not statistically significant, with values of 0.198 

and 0.084 which were larger than 0.05. However, although 0.084 is larger than 0.05, it 

still smaller than 0.184 of the previous model and it is near to 0.05. Thus, the inclusion 

of the general design variables in the cost model enhanced and improved the model 

coefficients. 
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Model Summary b 
 

Total Cost without External Costs Total Contract Cost 

Model R 
R 

Square 

Adjusted 
R 

Square 

Std. Error 
of the 

Estimate 
Model R 

R 
Square 

Adjusted 
R 

Square 

Std. Error 
of the 

Estimate 

2 .813a .660 .220 247.25 2 .845a .715 .346 279.89 

a. Predictors: (Constant), Demolition Presence, Calculated Total Operation Requirements Satisfaction, 
Preliminaries Percent, School Function Type, Contingences Percent, Type of Procurement used for the 
School Classification 3, The Presence of A Basement, Calculated Total Safety Requirements Satisfaction, 
The Overall Quality of  The Building’s Design, The Overall building Value for Money, Calculated Total 
Accessibility Requirements Satisfaction, Calculated Total Accommodation Requirements Satisfaction, 
Calculated Total Sustainability Requirements Satisfaction, Ground Conditions, Number of Storeys, Water 
Level, School Contract Period Classification1, Type of Contract used for the School Classification 2, 
Calculated Total Design & Planning Requirements Satisfaction, Calculated Total Environmental 
Requirements Satisfaction, School Gross Area in m2, Access Restriction 
b. Dependent Variable: Adjusted School Building Contract Cost per m2 without External Work 
(Q12010=207,Location=100), Dependent Variable: Adjusted Total School Contract Cost £/m2 
(Q12010=207,Location=100) 

  
Table 7.39 Model summary 

                  
 
 

 

ANOVA
b 

Total Cost without External Costs 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

2 

Regression 2019234.255 22 91783.375 1.501 .198a 

Residual 1039228.944 17 61131.114   
Total 3058463.198 39    

Total Contract Cost 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

2 

Regression 3337379.651 22 151699.075 1.937 .084a 

Residual 1331711.768 17 78335.986   
Total 4669091.419 39    

a. Predictors: (Constant), Demolition presence, Calculated Total Operation Requirements Satisfaction, 
Preliminaries Percent, School Function Type, Contingences Percent, Type of Procurement used for the 
School Classification 3, The Presence of A Basement, Calculated Total Safety Requirements Satisfaction, 
The Overall Quality of  The Building’s Design, The Overall building Value for Money, Calculated Total 
Accessibility Requirements Satisfaction, Calculated Total Accommodation Requirements Satisfaction, 
Calculated Total Sustainability Requirements Satisfaction, Ground Conditions, Number of Storeys, Water 
Level, School Contract Period Classification1, Type of Contract used for the School Classification 2, 
Calculated Total Design & Planning Requirements Satisfaction,  Calculated Total Environmental 
Requirements Satisfaction, School Gross Area in m2, Access Restriction 
b. Dependent Variable: Adjusted School Building Contract Cost per m2 without External Work 
(Q12010=207,Location=100), Dependent Variable: Adjusted Total School Contract Cost £/m2 
(Q12010=207,Location=100) 

 
Table 7.40 Model ANOVA  

 
 
 

Coefficients 
Total Cost without External Costs 

Model 
Un-standardised 

Coefficients 
Standardized 
Coefficients Sig 

β Beta 

2 (Constant) 671.453  .372 
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School function type -553.868 -.601 .166 

The overall building value for money -80.248 -.267 .363 

The overall quality of  the building’s design 213.795 .753 .053 

Calculated total accommodation 
requirements satisfaction 

13.318 .207 .547 

Calculated total sustainability requirements 
satisfaction 

-.014 .000 1.000 

Calculated total environmental requirements 
satisfaction 

3.364 .063 .877 

Calculated total design & planning 
requirements satisfaction 

-11.502 -.241 .519 

Calculated total accessibility requirements 
satisfaction 

7.707 .094 .730 

Calculated total safety requirements 
satisfaction 

9.365 .089 .737 

Calculated total operation requirements 
satisfaction 

-42.171 -.268 .402 

Number of storeys -30.270 -.063 .846 

The existing of a basement 35.264 .028 .905 

Type of  procurement used for the school 
classification 3 

102.519 .254 .489 

Type of  contract used for the school 
classification 2 

86.424 .300 .337 

School contract period classification1 26.064 .671 .059 

Contingences percent 53.479 .356 .135 

Preliminaries percent 4.270 .068 .765 

School Gross Area in m2 .009 .079 .851 

Ground Conditions -2.498 -.009 .976 

Access Restriction -351.159 -1.107 .062 

Water Level 268.229 .882 .126 

Demolition presence 44.799 .142 .713 

Total Contract Cost 

Model 
Un-standardised 

Coefficients 
Standardized 
Coefficients Sig 

β Beta 

2 (Constant) 1303.343  .134 

School function type -607.334 -.533 .179 

The overall building value for money -171.368 -.462 .096 

The overall quality of  the building’s design 301.573 .860 .019 

Calculated total accommodation 
requirements satisfaction 

27.297 .343 .281 

Calculated total sustainability requirements 
satisfaction 

15.901 .171 .572 

Calculated total environmental requirements 
satisfaction 

-5.552 -.084 .821 

Calculated total design & planning 
requirements satisfaction 

-29.555 -.501 .153 

Calculated total accessibility requirements 
satisfaction 

34.485 .339 .183 

Calculated total safety requirements 
satisfaction 

-7.641 -.059 .809 

Calculated total operation requirements 
satisfaction 

-25.530 -.132 .652 

Number of storeys -167.591 -.281 .348 

The presence of a basement 98.255 .063 .770 

Type of procurement used for the school 
classification 3 

82.583 .166 .621 

Type of contract for the school 
classification 2 

157.943 .443 .129 

School contract period classification1 28.589 .596 .067 

Contingences percent 50.672 .273 .206 
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Preliminaries percent -6.191 -.080 .702 

School gross area in m2 .006 .043 .910 

Ground conditions -45.703 -.132 .626 

Access restriction -500.896 -1.278 .022 

Water level 294.978 .785 .137 

Demolition presence 159.641 .410 .256 

Dependent Variable: Adjusted School Building Contract Cost per m2 without External Work 
(Q12010=207,Location=100), Dependent Variable: Adjusted Total School Contract Cost £/m2 
(Q12010=207,Location=100) 
 
Table 7.41 Model coefficient table 

 

 

The coefficients table shows that the school contract period, the access restriction, the 

overall quality of the building design, the water level, the school function, the overall 

design and planning requirements and the overall value for money are the variables 

which had the highest unique effects on the total school project cost. Thus, their 

variances predict closely the variance of the total contract cost figure.  School gross area 

had the lowest effect, although most of the cost models being applied at the briefing 

stage depend mainly on the area variable to predict the school cost. The table also shows 

that only the overall quality of the building design and the access restriction variables 

had statistical significance with values of .019 and .022 which were smaller than .05. 

 

Furthermore, the prediction equation as a result of the regression model is as follows: 

 

 

PCi = β0 + β1(school function)i + β2(The Overall building Value for Money)i + 

β3(The Overall Quality of  The Building’s Design)i +     β4(Total Accommodation 

Requirements Satisfaction)i + β5(Total Sustainability Requirements Satisfaction)i + 

β6(Total Environmental Requirements Satisfaction)i +  β7(Total Design & Planning 

Requirements Satisfaction)i + β8(Total Accessibility Requirements Satisfaction)i + 

β9(Total Safety Requirements Satisfaction)i + β10(Total Operation Requirements 

Satisfaction)i + β11(number of school floors)i + β12(basement presence)i + 

β13(procurement used )i + β14(contract used)i + β15(school contract period)i +     

β16(contingencies percents)i + β17(preliminaries percent)i + β18(school gross Area)i 

+  β19(ground condition)i + β20(access restriction)i + β21(water level)i + 

β22(demolition presence)i                                                                              Equation 14 
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Where         PC   =   Predicted Cost 

                     i     =   1,2,3,……, No of projects 

                     β    =    1,2,…….,12  Independent Variables Un-standardised Coefficients     

 

This equation was used to predict the cost of school projects for given values of the 

independent variables. It was applied on the same sample as training to measure the 

prediction error (Pae), the Prediction Accuracy (PA), the Mean Prediction Cost 

accuracy absolute error (MPCae) and the Average Prediction Accuracy (APA) based on 

Equations 10, 11, 12 and 13. 

 

Tables 7.42 and 7.44 show prediction errors and accuracy for the training of the forty 

projects used in the model development; the Mean Prediction Cost absolute error was 

9.32% and the average accuracy of the model was 90.86% which was better than the 

previous model with error of 12.77% and accuracy of 87.23%. Further, the same outputs 

were produced for the cost excluding the external costs which were an error of 10.13% 

and accuracy 89.97% in comparison with the previous model, with an error of 12.67% 

and accuracy of 87.33% for the total cost excluding external costs. The cost model was 

again tested on nine school projects’ historic data, which had not been used in the model 

development. The mean prediction error of the tested projects was 12.62% and the 

average accuracy was 87.38% which were also better than the previous model outputs 

which were error of 14.59% and accuracy of 85.41%, as shown in tables 7.43 and 7.45. 

Since, the accuracy of cost estimation at the conceptual stage is considered to be in the 

range of 80% to 85% (Jong, 1992), these accuracy values are considered to be 

acceptable. 

 

 
  Project 

No 

Adjusted Cost 

(£/m2) 

Predicted Cost 

(£/m2) 

Prediction Error 

% 

Prediction 

Accuracy % 

1 892.8 779.45 12.70 87.30 

2 1151.4 1059.97 7.94 92.06 

3 970.8 928.60 4.35 95.65 

4 1498.4 1514.15 1.05 98.95 

5 2337.5 1853.03 20.72 79.28 

6 1615.3 1490.63 7.72 92.28 

7 1545.8 1381.44 10.63 89.37 

8 1473.4 1348.10 8.51 91.49 

9 1359.5 1196.81 11.96 88.04 

10 984.0 1275.90 29.66 70.34 

11 971.6 1207.53 24.28 75.72 

12 1148.8 1033.81 10.01 89.99 

13 1328.5 1268.63 4.50 95.50 

14 1295.1 1343.64 3.75 96.25 
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15 1097.3 1168.13 6.46 93.54 

16 959.2 1050.01 9.47 90.53 

17 927.6 905.41 2.39 97.61 

18 1125.4 1105.72 1.75 98.25 

19 1194.8 1181.87 1.08 98.92 

20 1194.8 1150.22 3.73 96.27 

21 830.1 962.54 15.96 84.04 

22 1405.6 1528.75 8.76 91.24 

23 1260.7 1348.70 6.98 93.02 

24 1468.6 1264.38 13.91 86.09 

25 1410.0 1400.08 0.70 99.30 

26 1208.4 1363.02 12.79 87.21 

27 1202.9 1481.53 23.17 76.83 

28 1032.6 1390.42 34.65 65.35 

29 1424.4 1289.49 9.47 90.53 

30 1046.0 866.06 17.20 82.80 

31 1663.2 1508.42 9.31 90.69 

32 1335.9 1362.39 1.99 98.01 

33 1360.1 1364.13 0.30 99.70 

34 1280.6 1153.94 9.89 90.11 

35 1104.1 1385.15 25.46 74.54 

36 761.5 837.16 9.93 90.07 

37 1395.6 1384.48 0.80 99.20 

38 1313.0 1395.18 6.26 93.74 

39 1443.1 1555.01 7.75 92.25 

40 1172.3 1087.42 7.24 92.76 

 Number of projects 40 40 

 Mean 10.13 89.87 

 Standard Deviation  8.27 8.27 

Table 7.42 Adjusted and predicted total cost excluding external costs of the training projects  

 
 
 

Project No 
Adjusted Cost 

(£/m2) 

Predicted Cost 

(£/m2) 

Prediction Error 

% 

Prediction 

Accuracy % 

1 1615.3 1454.08 9.98 90.02 

2 1213.1 1572.90 29.66 70.34 

3 1089.0 938.71 13.80 86.20 

4 1110.6 1370.47 23.40 76.60 

5 1060.8 1121.45 5.72 94.28 

6 1096.9 1192.92 8.75 91.25 

7 1236.4 1326.10 7.25 92.75 

8 1349.6 1308.96 3.01 96.99 

9 1729.4 1832.50 5.96 94.04 

 Mean 11.95 88.05 

 Standard Deviation  8.94 

Table 7.43 Construction cost excluding external costs model testing results 

 
 

 

Project No 
Adjusted Cost 

(£/m2) 

Predicted Cost 

(£/m2) 

Prediction Error 

% 

Prediction 

Accuracy % 

1 1074.37 988.71 7.97 92.03 

2 1515.98 1430.84 5.62 94.38 

3 1199.95 1228.63 2.39 97.61 

4 2148.06 2069.13 3.67 96.33 

5 2838.40 2277.06 19.78 80.22 

6 1977.99 1798.22 9.09 90.91 

7 1854.09 1690.36 8.83 91.17 

8 1695.05 1625.06 4.13 95.87 
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9 1543.73 1331.03 13.78 86.22 

10 1290.22 1569.71 21.66 78.34 

11 1321.25 1538.95 16.48 83.52 

12 1412.89 1279.26 9.46 90.54 

13 1531.50 1493.46 2.48 97.52 

14 1613.39 1698.89 5.30 94.70 

15 1222.91 1352.97 10.64 89.36 

16 1146.01 1245.46 8.68 91.32 

17 992.03 1006.68 1.48 98.52 

18 1390.31 1308.94 5.85 94.15 

19 1532.74 1476.04 3.70 96.30 

20 1532.74 1456.68 4.96 95.04 

21 1000.78 1122.28 12.14 87.86 

22 1744.88 1922.45 10.18 89.82 

23 1738.12 1685.57 3.02 96.98 

24 1800.16 1598.71 11.19 88.81 

25 1595.57 1573.26 1.40 98.60 

26 1478.16 1719.09 16.30 83.70 

27 1534.60 1767.67 15.19 84.81 

28 1400.80 1759.72 25.62 74.38 

29 1862.51 1702.06 8.61 91.39 

30 1588.20 1283.23 19.20 80.80 

31 1920.77 1783.46 7.15 92.85 

32 1714.29 1807.92 5.46 94.54 

33 1797.10 1831.27 1.90 98.10 

34 1808.78 1658.63 8.30 91.70 

35 1446.13 1763.05 21.91 78.09 

36 1011.62 1119.35 10.65 89.35 

37 1587.08 1615.62 1.80 98.20 

38 1682.19 1800.03 7.01 92.99 

39 1845.93 2102.04 13.87 86.13 

40 1468.29 1381.79 5.89 94.11 

 Number of projects 40 40 

 Mean 9.32 90.68 

 Standard Deviation  6.28 6.28 

Table 7.44 Adjusted and predicted total contract cost of the training projects  

 
 
 

Project No 
Adjusted Cost 

(£/m2) 

Predicted Cost 

(£/m2) 

Prediction Error 

% 

Prediction 

Accuracy % 

1 1971.54 1546.34 21.57 78.43 

2 1549.26 1926.43 24.35 75.65 

3 1333.53 1397.86 4.82 95.18 

4 1393.61 1511.28 8.44 91.56 

5 1236.42 1572.52 27.18 72.82 

6 1359.64 1412.47 3.89 96.11 

7 1469.93 1526.34 3.84 96.16 

8 1562.08 1402.76 10.20 89.80 

9 1961.02 2143.52 9.31 90.69 

 Mean 12.62 87.38 

 Standard Deviation  9.21 

Table 7.45 Construction cost model testing results 

 

 

The results shown indicated that inclusion of the achievement level of the various 

design and engineering variables in predicting the cost model would enhance the 

accuracy of the prediction. Further, even though the increase in the accuracy was not 
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large; it predicts a high degree of correlation between the project cost and the various 

design variables which the project achieves. However, it is too early to generalise that 

information as the number of sample respondents was not sufficient for the results to be 

generalised. 

 

As the sample was not large, the idea of reducing the number of independent predictable 

variables emerged to study the effect of the sample size. Consequently, only four basic 

school information variables were included in the following analyses. These variables 

were school contract period, school function type and the number of school floors as the 

variables which had the highest effect in the cost model 1. In addition, school gross area 

variable was also included because of its importance in literature on the school cost. 

Multiple regression analysis was applied again in three stages. The first stage included 

only the school contract period, school function type, number of school floors and 

school gross area variables. The second stage included the same variables as stage one, 

but also with the various general design and engineering variables and their 

achievement. The second stage was applied to study the effect of inclusion of the 

general design variables in the cost model, for enhancing the accuracy of prediction. In 

addition, the analysis also was applied including only the general design variables and 

the function type of school. The main aim of this application was to discover the unique 

effect of the general design variables, excluding any other briefing information. 

 

 

7.4.3.5.3   Contract period, function type, number of floors and project area 

                 variables in regression analysis (Model 3)  

Multiple regression analysis was applied again to explore the correlation between the 

school project cost figure and the stated four basic variables which were school contract 

period, school function’s type, number of storeys and school gross area variables. 

 

 

A- Assessing the suitability of the data to apply Multiple Regression Analysis 

The assumptions of the absence of missing values and the independence of respondents 

were achieved. Since all scatter plot values but one were between 3.3 and -3.3 and all 

the Mahalanobis values for this analysis were lower than the determined value of Chi-

square, one outlier in the inputs was noted. Changing the values of the outliers or 

eliminating them was the possible solutions (Tabachnick & Fidell, 2001). However, as 



Chapter 7: Function-based construction cost model for new build-school projects 

314 

 

the sample size was low, changing the value would affect the reality of analysis and one 

outlier among 40 cases would not widely affect the analysis, no action was taken. 

Further, there was only one case with Cook’s value which was larger than 1, so one 

outlier in the output also was determined in case 36. 

 

Moreover, the project contract cost variables, which are the dependent variables, were 

normally distributed in terms of their scores over the respondents with Sig value of 

Kolmogrove- Smirnov larger than .05. 

 

The scatter plot graph of this analysis was not perfect but adequate to consider that there 

was no violation of normality, linearity and homoscedasticity. The scatter plots of this 

analysis for the two cost values are presented in Figures 7.35 and 7.36. 

 

Moreover, there was no multicollinearity among the studies independent variables in 

which the values of Tolerance (1-R2) of the independent variables were larger than 0.1 

and VIF (Variance Inflation Factor) values were lower than 10 (Pallant, 2005; 

Tabachnick & Fidell, 2001). 

 

Figure 7.35 The scatter plot of the regression analysis for the total cost without external costs 

 

Figure 7.36 The scatter plot of the regression analysis for the total cost 
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B- Applying Multiple Regression Analysis 

Multiple linear regression analysis by SPSS was applied to explore the correlation 

between either the total contract cost or the total cost excluding the external costs as the 

dependent variables and the four stated variables. All analysis outputs which are R 

square, the whole model statistical significance, standardised Beta, un-standardised β 

used to write the predicted equation given in Equation 15 and unique independent 

variables’ statistical significance values are presented in Tables 7.46, 7.47 and 7.48. 

 

Table 7.46 shows that the model explains 17.2% of the variance of the total cost 

excluding external costs and total contract costs. That means that the lower included 

number of variables, the lower variance which can be explained by them. Further, the 

ANOVA table shows that the model in the two situations was not statistically 

significant, with value of 0.147 which was larger than 0.05. Consequently, the statistical 

significance of the analysis does not relate to the number of included variables. 

 

Model Summary b 
 

Total Cost without External costs Total Contract Cost 

Model R 
R 

Square 

Adjusted 
R 

Square 

Std. Error 
of the 

Estimate 
Model R 

R 
Square 

Adjusted 
R 

Square 

Std. Error 
of the 

Estimate 

3 .415a .172 .078 268.94 3 .415a .173 .078 332.23 

a. Predictors: (Constant), School Gross Area in m2, School Contract Period Classification1, Number of 
Storeys, School Function Type  
b. Dependent Variable: Adjusted School Building Contract Cost per m2 without External Work 
(Q12010=207,Location=100), Dependent Variable: Adjusted Total School Contract Cost £/m2 
(Q12010=207,Location=100) 

  
Table 7.46 Model summary    

ANOVA
b 

Total Cost without External Costs 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

3 

Regression 526941.581 4 131735.395 1.821 .147a 

Residual 2531521.617 35 72329.189   

Total 3058463.198 39    

Total Contract Cost 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

3 

Regression 805901.672 4 201475.418 1.825 .146a 

Residual 3863189.747 35 110376.850   

Total 4669091.419 39    

a. Predictors: (Constant), School Gross Area in m2, School Contract Period Classification1, Number of  
Storeys, School Function Type 
b. Dependent Variable: Adjusted School Building Contract Cost per m2 without External Work 
(Q12010=207,Location=100), Dependent Variable: Adjusted Total School Contract Cost £/m2 
(Q12010=207,Location=100) 

 
Table 7.47 Model ANOVA  
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Coefficients 
Total Cost without External Costs 

Model 
Un-standardised 

Coefficients 
Standardized 
Coefficients Sig 

β Beta 

2 (Constant) 1583.024  .000 

School function type -361.409 -.392 .187 

Number of storeys -90.572 -.187 .448 

School contract period classification1 11.477 .295 .108 

School gross area in m2 .023 .204 .572 

Total Contract Cost 

Model 
Un-standardised 

Coefficients 
Standardized 
Coefficients Sig 

β Beta 

2 (Constant) 1893.683  .000 

School function type -248.055 -.218 .459 

Number of storeys -207.575 -.348 .163 

School contract period classification1 14.810 .309 .094 

School gross area in m2 .023 .159 .659 

Dependent Variable: Adjusted School Building Contract Cost per m2 without External Work 
(Q12010=207,Location=100), Dependent Variable: Adjusted Total School Contract Cost £/m2 
(Q12010=207,Location=100) 
 
Table 7.48 Model coefficient table 

 

 

The coefficients table shows that there is no difference among the included variables in 

terms of their effect on the model; the number of the school’s floors had the largest 

effect on predicting the cost figure. The table also shows that all variables did not have a 

statistical significant effect on predicting project cost with values which are larger than 

.05. 

 

The prediction equation as a result of the regression model is as follows: 

 

PCi = β0 + β1(school function)i + β2(number of school floors)i + β3(school contract 

period)i +  β4(school gross Area)i                                                             Equation 15 

 

 

Where         PC   =   Predicted Cost 

                     i     =   1,2,3,……, No of projects 

                     β    =    1,2,…….,12  Independent Variables Un-standardised Coefficients                       

 

This equation was used to predict the cost of school projects for given values of the 

independent variables. It was applied again on the same sample as training to measure 

the prediction error (Pae), the Prediction Accuracy (PA), the Mean Prediction Cost 
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accuracy absolute error (MPCae) and the Average Prediction Accuracy (APA) based on 

Equations 10, 11, 12 and 13. 

 

Tables 7.49 and 7.51 in Appendix C, show prediction errors and accuracy for the 

training of the forty projects used in the model development; the Mean Prediction Cost 

absolute error was 15.28% and the average accuracy of the model was 84.72% which 

was worse than the previous two models. The cost model was again tested on nine 

school projects’ historic data, which had not been used in the model development. The 

mean prediction error was 14.46% and the average accuracy was 85.54% which were 

also worse than the model 2 outputs which were error of 12.62% and accuracy of 

87.38%. However, model 3 gave the outputs that were similar to model 1 results which 

were error of 14.59 and accuracy of 85.41%, as shown in Tables 7.50 and 7.52 in 

Appendix C. A summary of this model results are presented in the following Table.  

 
 

Model 3 
Prediction Error 

mean % 

Prediction 

Accuracy mean % 

Total cost excluding external costs of the training 

projects 
14.67 85.33 

Construction cost excluding external costs model 

testing results 
15.46 84.54 

Total contract cost of the training projects 15.28 84.72 

Construction cost model testing results 14.46 85.54 

Table 7.M3 Summary of the results of model 3 

 

The results shown indicate that the more briefing information included in estimating the 

cost, the more accurate the figure which can be obtained.  

 

 

7.4.3.5.4.   Applying regression analysis for the previous four variables and the 

                  general design variables (Model 4) 

Multiple regression analysis was applied again to explore the correlation between the 

school project cost figure and both the basic school information included in the previous 

analysis and the various general design variables. 

 

 

A- Assessing the suitability of the data to apply Multiple Regression Analysis 

The assumptions of the absence of missing values and the independence of respondents 

were achieved. Sine all scatter plot values were between 3.3 and -3.3 and all the 

Mahalanobis values for this analysis were lower than the determined value of Chi-
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square, no outliers in the inputs were noted. Further, all Cook’s values were larger than 

1, so no outliers in the output were observed. 

 

Moreover, the project contract cost variables, which are the dependent variables, were 

normally distributed in terms of their scores over the respondents with Sig value of 

Kolmogrove- Smirnov larger than .05. 

The scatter plot graph of this analysis was not perfect but adequate to consider that there 

was no violation of normality, linearity and homoscedasticity. The scatter plots of this 

analysis for the two cost values are presented in Figures 7.37 and 7.38. 

 

Moreover, there was no multicollinearity among the studies’ independent variables, 

since the values of Tolerance (1-R2) of the independent variables were larger than 0.1 

and VIF (Variance Inflation Factor) values were lower than 10. 

 

Figure 7.37 The scatter plot of the regression analysis for the total cost without external costs 

 

Figure 7.38 The scatter plot of the regression analysis for the total cost 
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B- Applying Multiple Regression Analysis 

Multiple linear regression analysis by SPSS was applied to explore the correlation 

between either the total contract cost or the total cost excluding the external costs as the 

dependent variables and contract period, function type, number of floors, project area 

and the various general design variables as independent variables. All analysis outputs 

which are R square, the whole model statistical significance, standardised Beta, un-

standardised β used to write the predicted equation given in Equation 16 and unique 

independent variables’ statistical significance values are presented in tables 7.53, 7.54 

and 7.55. 

 

Table 7.53 shows that the model explains 43.9% of the variance of the total cost 

excluding external costs and 45.9% of the variance of the total contract costs. Those 

results indicated that adding the general design variables into the model enhanced the 

overall model output of the previous model. The variables now explain 45.9% of the 

total school project cost which was more than the previous model with 17.3%. Further, 

the ANOVA table tells us that the model in the two situations was not statistically 

significant with values of 0.16 and 0.121 which were larger than 0.05. However, 

although 0.121 was larger than 0.05, it was still smaller than 0.146 of the previous 

model, and so again, the inclusion of the general design variables in the cost model 

enhanced and improved the model coefficients. 

 

 

 

Model Summary b 
 

Total Cost without External osts Total Contract Cost 

Model R 
R 
Square 

Adjusted 
R 
Square 

Std. Error 
of the 
Estimate 

Model R 
R 
Square 

Adjusted 
R 
Square 

Std. Error 
of the 
Estimate 

4 .662a .439 .158 256.94 4 .678a .459 .189 311.59 

a. Predictors: (Constant), School Gross Area in m2, Calculated Total Environmental Requirements 
Satisfaction, School Contract Period Classification1, Calculated Total Safety Requirements Satisfaction, 
The Overall building Value for Money, Calculated Total Accessibility Requirements Satisfaction, 
Calculated Total Operation Requirements Satisfaction, Calculated Total Design & Planning Requirements 
Satisfaction, Calculated Total Accommodation Requirements Satisfaction, Number of Storeys, Calculated 
Total Sustainability Requirements Satisfaction, The Overall Quality of  The Building’s Design, School 
Function Type 
b. Dependent Variable: Adjusted School Building Contract Cost per m2 without External Work 
(Q12010=207,Location=100), Dependent Variable: Adjusted Total School Contract Cost £/m2 
(Q12010=207,Location=100) 

  
Table 7.53 Model summary 
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ANOVA
b 

Total Cost without External Costs 

Model 
Sum of 
Squares 

Df 
Mean 

Square 
F Sig. 

4 

Regression 1341960.502 13 103227.731 1.564 .161a 

Residual 1716502.697 26 66019.334   

Total 3058463.198 39    

Total Contract Cost 

Model 
Sum of 
Squares 

Df 
Mean 

Square 
F Sig. 

4 

Regression 2144723.341 13 164978.719 1.699 .121a 

Residual 2524368.078 26 97091.080   

Total 4669091.419 39    

a. Predictors: (Constant), School Gross Area in m2, Calculated Total Environmental Requirements 
Satisfaction, School Contract Period Classification1, Calculated Total Safety Requirements Satisfaction, 
The Overall building Value for Money, Calculated Total Accessibility Requirements Satisfaction, 
Calculated Total Operation Requirements Satisfaction, Calculated Total Design & Planning Requirements 
Satisfaction, Calculated Total Accommodation Requirements Satisfaction, Number of Storeys, Calculated 
Total Sustainability Requirements Satisfaction, The Overall Quality of  The Building’s Design, School 
Function Type 
b. Dependent Variable: Adjusted School Building Contract Cost per m2 without External Work 
(Q12010=207,Location=100), Dependent Variable: Adjusted Total School Contract Cost £/m2 
(Q12010=207,Location=100) 

 
Table 7.54 Model ANOVA  

 

 

 

Coefficients 
Total Cost without External Costs 

Model 
Un-standardised 

Coefficients 
Standardized 
Coefficients Sig 

Β Beta 

4 (Constant) 1227.706  .015 

School function type -330.530 -.359 .311 

The overall building value for money -104.801 -.349 .174 

The overall quality of  the building’s design 94.946 .335 .279 

Calculated total accommodation 
requirements satisfaction 

6.862 .106 .718 

Calculated total sustainability requirements 
satisfaction 

9.438 .125 .677 

Calculated total environmental requirements 
satisfaction 

22.733 .426 .276 

Calculated total design & planning 
requirements satisfaction 

-18.380 -.385 .230 

Calculated total accessibility requirements 
satisfaction 

17.300 .210 .389 

Calculated total safety requirements 
satisfaction 

2.318 .022 .927 

Calculated total operation requirements 
satisfaction 

-45.827 -.292 .310 

Number of storeys -44.175 -.091 .757 

School contract period classification1 13.542 .349 .115 

School gross area in m2 .009 .075 .840 

Total Contract Cost 

Model 
Un-standardised 

Coefficients 
Standardized 
Coefficients Sig 

β Beta 

4 (Constant) 1492.639  .015 

School function type -97.953 -.086 .803 

The overall building value for money -161.469 -.435 .088 
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The overall quality of  the building’s design 109.855 .313 .301 

Calculated total accommodation 
requirements satisfaction 

11.529 .145 .617 

Calculated total sustainability requirements 
satisfaction 

29.959 .322 .280 

Calculated total environmental requirements 
satisfaction 

15.504 .235 .537 

Calculated total design & planning 
requirements satisfaction 

-28.335 -.480 .130 

Calculated total accessibility requirements 
satisfaction 

45.537 .448 .068 

Calculated total safety requirements 
satisfaction 

-16.248 -.125 .596 

Calculated total operation requirements 
satisfaction 

-35.035 -.180 .520 

Number of storeys -170.811 -.286 .328 

School contract period classification1 19.209 .400 .067 

School gross area in m2 -.013 -.089 .807 

Dependent Variable: Adjusted School Building Contract Cost per m2 without External Work 
(Q12010=207,Location=100), Dependent Variable: Adjusted Total School Contract Cost £/m2 
(Q12010=207,Location=100) 
Table 7.55 Model coefficient table 

 

 

The coefficients table shows that the total design & planning requirements satisfaction, 

the total accessibility requirements satisfaction, the school contract period and the 

overall value for money are the variables which had the highest unique effects on the 

total school project cost, so their variances predict highly the variance of the total 

contract cost figure, while school gross area and school function type had the lowest 

effect. The reasons for the different results of this output among the different models 

can be attributed to the elimination of several variables which could have a large shared 

effect on the cost model. The table also shows that all the variables did not have a 

statistically significant effect, with values of larger than .05.  

 

The prediction equation as a result of the regression model is as follows: 

 

  

PCi = β0 + β1(School Function)i + β2(The Overall building Value for Money)i + 

β3(The Overall Quality of  The Building’s Design)i + β4(Total Accommodation 

Requirements Satisfaction)i + β5(Total Sustainability Requirements Satisfaction)i + 

β6(Total Environmental Requirements Satisfaction)i +  β7(Total Design & Planning 

Requirements Satisfaction)i + β8(Total Accessibility Requirements Satisfaction)i + 

β9(Total Safety Requirements Satisfaction)i + β10(Total Operation Requirements 

Satisfaction)i + β11(Number of Floors)i + β12(School Contract Period)i + β13(school 

Gross Area)i                                                                                                     Equation 16 
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Where         PC   =   Predicted Cost 

                     i     =   1,2,3,……, No of projects 

                     β    =    1,2,…….,12  Independent Variables Un-standardised Coefficients     

                                                                          

This equation was used to predict the cost of school projects for given values of the 

independent variables. It was applied on the same sample as training to measure the 

prediction error (Pae), the Prediction Accuracy (PA), the Mean Prediction Cost 

accuracy absolute error (MPCae) and the Average Prediction Accuracy (APA) based on 

Equations 10, 11, 12 and 13. 

 

Tables 7.56 and 7.58 in Appendix C show prediction errors and accuracy for the 

training of the forty projects used in the model development; the Mean Prediction Cost 

absolute error was 11.16% and the average accuracy of the model was 88.84% which 

was better than the previous model with an error of 15.21% and accuracy of 84.79%. 

However, the results of this model were similar to the model 1 and 2 results. The cost 

model again was tested on nine school projects’ historic data, which had not been used 

in the model development. The testing mean prediction error was 15.8% and the 

average accuracy was 84.2% which were in the same range of accuracy as models 1 and 

3, but poorer than the accuracy of model 2, as shown in Tables 7.57 and 7.59 in 

Appendix C. A summary of the model results are presented in the following table. 

 

 

Model 4 
Prediction Error 

mean % 

Prediction 

Accuracy mean % 

Total cost excluding external costs of the training 

projects 
11.43 88.57 

Construction cost excluding external costs model 

testing results 
18.48 81.52 

Total contract cost of the training projects 11.16 88.84 

Construction cost model testing results 15.80 84.20 

Table 7.M4 Summary of the results of model 4 

 

The results indicated that the inclusion of the achievement level of the various design 

and engineering variables in developing the cost model would not enhance the accuracy 

of the prediction, if there was briefing information excluded from the analysis. In other 

words, the cost model would predict better, if it includes or uses the whole range of 

information available at the stage at which the cost model is applied. This output was 

similar to what stated by Ashworth (2004) and Ferry (1999). They stated that cost 

models should use only the complete information available at the stage in which they 
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are applied. However, it is again too early to generalise this information, as the number 

of sample respondents was not specifically enough of the results to be generalised. 

 
 
7.4.3.5.5   Regression analysis for the general design variables with function type 

                 (Model 5) 

Multiple regression analysis was applied again to explore the correlation between the 

school project cost figure and the various general design variables. The function type of 

the school variable was also included to distinguish between the two school types, as the 

design requirements were specified for the school in general.  

 

 

A- Assessing the suitability of the data to apply Multiple Regression Analysis 

The assumptions of the absence of missing values and the independence of respondents 

were again achieved. Sine all scatter plot values were between 3.3 and -3.3 and all the 

Mahalanobis values for this analysis were lower than the determined value of Chi-

square, no outliers in the inputs were noted. Further, all Cook’s values were larger than 

1, so no outliers in the outputs were observed. 

 

Moreover, the project contract cost variables, which are the dependent variables, were 

normally distributed in terms of their scores over the respondents with Sig value of 

Kolmogrove- Smirnov larger than .05. 

 
The scatter plot graph of this analysis was not perfect but adequate to consider that there 

was no violation of normality, linearity and homoscedasticity. The scatter plots of this 

analysis for the two cost values are presented in Figures 7.39 and 7.40. 

 

Figure 7.39 The scatter plot of the regression analysis for the total cost without external costs 
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Figure 7.40 The scatter plot of the regression analysis for the total cost 

 

 

Moreover, there was no multicollinearity among the studies independent variables, 

since the values of Tolerance (1-R2) of the independent variables were larger than 0.1 

and VIF (Variance Inflation Factor) values were lower than 10. 

 

 

B- Applying Multiple Regression Analysis 

Multiple linear regression analysis by SPSS was applied to explore the correlation 

between either the total contract cost or the total cost excluding the external costs as the 

dependent variable and both function types and the the various general design variables 

as independent variables. All analysis outputs which are R square, the whole model 

statistical significance, standardised Beta, un-standardised β were used to write the 

predicted equation given in Equation 17 and individual independent variables’ statistical 

significance values are presented in Tables 7.60, 7.61 and 7.62. 

 

Table 7.60 shows that the model explains 37% of the variance of the total cost 

excluding external costs and 37.1% of the variance of the total contract costs. These 

results were lower than the most of the previous models. This indicated that including 

either the general design variables alone or the basic school information available at the 

briefing stage alone into the model was not enough to build the model predicting the 

school cost variance to a the large extent. Further, ANOVA table tells us that the model 

in the two situations was not statistically significant with values of 0.128 and 0.127 
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which were larger than 0.05. However, although 0.121 was larger than 0.05, it was still 

smaller than most of the previous models’ statistically significant values. And so again, 

the inclusion of the general design variables in the cost model enhanced and improved 

the model coefficients. 

 

 

Model Summary b 
 

Total Cost without External costs Total Contract Cost 

Model R 
R 

Square 

Adjusted 
R 

Square 

Std. Error 
of the 

Estimate 
Model R 

R 
Square 

Adjusted 
R 

Square 

Std. Error 
of the 

Estimate 

5 .608a .370 .153 257.76 5 .609a .371 .154 318.32 

a. Predictors: (Constant), The Overall Quality of  The Building’s Design, School Function Type, 
Calculated Total Safety Requirements Satisfaction, Calculated Total Operation Requirements 
Satisfaction, Calculated Total Accessibility Requirements Satisfaction, The Overall building Value for 
Money, Calculated Total Accommodation Requirements Satisfaction, Calculated Total Sustainability 
Requirements Satisfaction, Calculated Total Design & Planning Requirements Satisfaction, Calculated 
Total Environmental Requirements Satisfaction 
b. Dependent Variable: Adjusted School Building Contract Cost per m2 without External Work 
(Q12010=207,Location=100), Dependent Variable: Adjusted Total School Contract Cost £/m2 
(Q12010=207,Location=100) 

  
Table 7.60 Model summary               

 

 

ANOVA
b 

Total Cost without External Costs 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

5 

Regression 1131681.462 10 113168.146 1.703 .128a 

Residual 1926781.736 29 66440.750   

Total 3058463.198 39    

Total Contract Cost 

Model 
Sum of 
Squares 

df 
Mean 

Square 
F Sig. 

5 

Regression 1730539.032 10 173053.903 1.708 .127a 

Residual 2938552.388 29 101329.393   

Total 4669091.419 39    

a. Predictors: (Constant), The Overall Quality of  The Building’s Design, School Function Type, 
Calculated Total Safety Requirements Satisfaction, Calculated Total Operation Requirements 
Satisfaction, Calculated Total Accessibility Requirements Satisfaction, The Overall building Value for 
Money, Calculated Total Accommodation Requirements Satisfaction, Calculated Total Sustainability 
Requirements Satisfaction, Calculated Total Design & Planning Requirements Satisfaction, Calculated 
Total Environmental Requirements Satisfaction 
b. Dependent Variable: Adjusted School Building Contract Cost per m2 without External Work 
(Q12010=207,Location=100), Dependent Variable: Adjusted Total School Contract Cost £/m2 
(Q12010=207,Location=100) 

 
Table 7.61 Model ANOVA  

 

 

Coefficients 
Total Cost without External Costs 

Model 
Un-standardised 

Coefficients 
Standardized 
Coefficients Sig 

β Beta 

4 (Constant) 1052.292  .011 
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 School function type -189.959 -.206 .312 

 
Calculated total accommodation 
requirements satisfaction 

-1.890 -.029 .917 

 
Calculated total sustainability requirements 
satisfaction 

-.874 -.012 .968 

 
Calculated total environmental requirements 
satisfaction 

23.091 .433 .260 

 
Calculated total design & planning 
requirements satisfaction 

-15.430 -.323 .294 

 
Calculated total accessibility requirements 
satisfaction 

23.818 .290 .220 

 
Calculated total safety requirements 
satisfaction 

-3.678 -.035 .874 

 
Calculated total operation requirements 
satisfaction 

-35.158 -.224 .330 

 The overall building value for money -69.804 -.232 .321 

 The overall quality of  the building’s design 134.205 .473 .116 

Total Contract Cost 

Model 
Un-standardised 

Coefficients 
Standardized 
Coefficients Sig 

β Beta 

4 (Constant) 1524.971  .003 

 School function type -198.799 -.175 .390 

 
Calculated total accommodation 
requirements satisfaction 

-.599 -.008 .979 

 
Calculated total sustainability requirements 
satisfaction 

14.540 .156 .587 

 
Calculated total environmental requirements 
satisfaction 

20.350 .309 .419 

 
Calculated total design & planning 
requirements satisfaction 

-20.325 -.345 .264 

 
Calculated total accessibility requirements 
satisfaction 

50.570 .498 .040 

 
Calculated total safety requirements 
satisfaction 

-30.838 -.237 .286 

 
Calculated total operation requirements 
satisfaction 

-51.844 -.267 .246 

 The overall building value for money -91.986 -.248 .290 

 The overall quality of  the building’s design 150.043 .428 .153 

Dependent Variable: Adjusted School Building Contract Cost per m2 without External Work 
(Q12010=207,Location=100), Dependent Variable: Adjusted Total School Contract Cost £/m2 
(Q12010=207,Location=100) 
 
Table 7.62 Model coefficient table 

 

 

The coefficients table shows that the total design & planning requirements satisfaction, 

the total accessibility requirements satisfaction and the overall quality of the building’s 

design are the variables which had the highest individual effects on the total school 

project cost. And so their variances predict highly the variance of the total contract cost 

figure. In contrast, the total accommodation requirements satisfaction variable had the 

lowest effect. It can be seen from the previous analyses that there is no big change in the 

variables which have large effect on predicting cost variance. The table also shows that 
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only the total accessibility requirements satisfaction variable had statistically significant 

effect with value of smaller than .05.  

 

The prediction equation as a result of the regression model is as follows: 

  

PCi = β0 + β1(School Function)i + β2(Total Accommodation Requirements 

Satisfaction)i + β3(Total Sustainability Requirements Satisfaction)i + β4(Total 

Environmental Requirements Satisfaction)i +  β5(Total Design & Planning 

Requirements Satisfaction)i + β6(Total Accessibility Requirements Satisfaction)i + 

β7(Total Safety Requirements Satisfaction)i + β8(Total Operation Requirements 

Satisfaction)i + β9(The Overall building Value for Money)i + β10(The Overall 

Quality of  The Building’s Design)i                                                               Equation 17 

 

 

Where         PC   =   Predicted Cost 

                     i     =   1,2,3,……, No of projects 

                     β    =    1,2,…….,12  Independent Variables Un-standardised Coefficients                                                                       

 

 

This equation was used to predict the cost of school projects for given values of the 

independent variables. It was applied on the same sample as training to measure the 

prediction error (Pae), the Prediction Accuracy (PA), the Mean Prediction Cost 

accuracy absolute error (MPCae) and the Average Prediction Accuracy (APA) based on 

Equations 10, 11, 12 and 13. 

 

Tables 7.63 and 7.65 in Apprndix C, show prediction errors and accuracy for the 

training of the forty projects used in the model development; the Mean Prediction Cost 

absolute error was 13% and the average accuracy of the model was 87% which was in 

the vicinity of the other models. The cost model was again tested on nine school 

projects’ historic data, which had not been used in the model development. The mean 

prediction error was 14.97% and the average accuracy was 85.03% which were in the 

same range of accuracy of other models, as shown in Tables 7.64 and 7.66 in Appendix 

C. A summary of the model results are presented in the following table. 
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Model 5 
Prediction Error 

mean % 

Prediction 

Accuracy mean % 

Total cost excluding external costs of the training 

projects 
12.69 87.31 

Construction cost excluding external costs model 

testing results 
15.36 84.64 

Total contract cost of the training projects 13.01 86.99 

Construction cost model testing results 14.97 85.03 

Table 7.M5 Summary of the results of model 5 

 
 
 

The results again indicated the same output as model 4, which was that the inclusion of 

the achievement level of the various design and engineering variables in developing the 

cost model would not enhance the accuracy of the prediction, if there were briefing 

information excluded or missing from the analysis. In other words, the cost model 

would predict better, if it includes or uses all the information available at the stage in 

which the cost model is applied. This output was similar to what stated by Ashworth 

(2004) and Ferry (1999). They stated that cost models should use the whole and only 

information available at the stage which they are applied in. However, it is again too 

early to generalise this information, as the number of sample respondents was not 

sufficient for the results to be generalised. 

 

Consequently, the cost model 1 included all the previous stated variables but the 

assigned performances of the general design and engineering requirements. This model 

intent to include the available information at the briefing stage in which they are used 

by the cost models stated in literature for comparison reasons. The results of applying 

the model on 9 projects, which were not used in developing the model, to get their total 

predicted costs were 14.59 % and 85.41 % for the mean prediction cost absolute error 

and the average accuracy of the model respectively. The results were different from the 

results obtained by AL-Sharif (2007) who obtained the cost figure with 91.77% 

accuracy in which this could be because the higher number of cases used to develop his 

model and also the utilise of information considered as detailed technical design 

information which would not be typically available at the briefing stage such as the type 

of frame and foundation used. Moreover, it could be as a result of not taking account of 

variables where no information existed. 

 

Further, the cost model 2 includes the previous variables in addition to the various 

general design variables with their level of performances. The model aims to study the 

affect of including the general design variables on enhancing the predicting cost 
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accuracy. The results were 12.62 % and 87.38 % for the mean prediction error and the 

average accuracy of the tested projects respectively which were also better than the 

previous model outputs. These results indicated that inclusion of the achievement level 

of the various general design and engineering variables in predicting the cost model 

would enhance the accuracy of the prediction. Further, even though the increase in the 

accuracy was not large; it predicts a high degree of correlation between the project cost 

and the various design variables which the project achieves. However, it is too early to 

generalise that information as the number of sample respondents was not sufficient for 

the results to be generalised. 

 

In an attempt to reduce the effect of the small studied sample (49 schools), the idea of 

reducing the number of independent predictable variables emerged. Consequently, only 

four basic school information variables were included in developing the cost model 3 

which were school contract period, school function type, school gross area and the 

number of school floors. The results of this model were 14.46 % and 85.54 % got the 

mean prediction error and the average accuracy of the tested projects respectively which 

were worse than the model 2 outputs. These results shown indicate that the more 

briefing information included in estimating the cost, the more accurate the figure which 

can be obtained. Further, the cost model 4 included the same variables as model 3 and 

also the various general design and engineering variables with their achievement. This 

model was applied to study the effect of inclusion of the general design variables in the 

cost model for the accuracy of prediction issues. The results were 15.8 % and 84.2 % 

for the mean prediction error and the average accuracy of the tested projects 

respectively which were in the same range of accuracy as models 1 and 3, but poorer 

than the accuracy of model 2.  This indicated that the inclusion of the achievement level 

of the various general design and engineering variables in developing the cost model 

would not enhance the accuracy of the prediction, if there was briefing information 

excluded from the analysis. In other words, the cost model would predict better, if it 

includes or uses the whole range of information available at the stage at which the cost 

model is applied.  

 

In addition, the analysis was applied including only the general design variables and the 

function type of school for developing the cost model 5. The main aim of this 

application was to discover the unique effect of the general design variables, excluding 

any other briefing information. The results of testing this model on the 9 school projects 
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were 14.97 % and 85.03 % for the mean prediction error and the average accuracy of 

the tested projects respectively which were in the same range of accuracy of other 

models. These results also specified the same output of the cost model 4. 

  

It worth mentioning that two dummy projects were given the lowest and highest values 

of the achievements which are 1 and 5 for the all design needs variables. As a 

consequence, the total contract cost per square metre for the project with the lowest 

level of achievement was lower than the cost for the project with the highest level of 

achievement for the three models which are Models 2,4 and 5. Table 7.67 shows the 

costs per square meter for the two projects. 

 

 

Project Cost/m2 Model 1 Cost/m2 Model 4 Cost/m2 Model 5 

1 1347.04 1444.77 1394.484 

2 1792.26 1663.97 1667.732 

Table 7.67 Total contract cost per square metre for the false projects 

 

 

Moreover, it can be noticed in model 2, 4 and 5 that the higher the level of achievement 

for the value for money variable, the lower the cost per square meter. This means that 

respondents considered projects with lower cost as achieving higher value for money 

achievement. This output is similar to what has been stated in (Chapter 5)  

 

 

7.4.3.6.   The Cost Model Accuracy 

Major concern and much scrutiny and debate have been given to the accuracy of cost 

prediction models over the last three decades (Trost and Oberlender, 2003; Ogunlana & 

Thorpe, 1991. Al-Sharif (2007) developed a bidding cost estimation model to estimate 

the school cost based on 70 historical school buildings, extracted from BCIS. The cost 

model was part of large financial model for PFI school project decision making. He 

created a cost model that predicts the construction cost with average percentage 

accuracy of 91.7% using multiple regression analysis by testing the model on 15 school 

projects. However, he only used the projects which have the complete information 

about the variables studied or used, so the cost model was not applied for any school 

project which did not have the complete variables information. Also, the model does not 

include all the information which could be available at the briefing stage and used 

detailed technical design information which would not typically be available at the 

briefing stage. 
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In addition, Elhag and Boussbaine (1998) developed two cost models using the 

Artificial Neural System for cost estimate on the data of 30 school projects, also 

extracted from BCIS. The first model included four cost influencing factors as input 

attributes and the second one comprised 13 independent variables. The testing of those 

models achieved average accuracy of 79.3% and 82.2% respectively. They also, in their 

study in 1999, built a tender price estimation model relying on 36 historic office 

buildings, again extracted from BCIS. They employed multiple regression analysis and 

the neural network technique with average accuracy of 93.3% and 90.9% respectively 

by testing the models on 9 office projects. They describe these figures as a high 

accuracy percentage level. Nevertheless, they also used only the projects for which their 

design information would be known at the time of applying the model. Moreover, their 

model was applicable at the tendering stage at the point where the design has been fully 

developed rather than the briefing stage. In another research paper, Boussabaine and 

Elhag (1997) created a model using neurofuzzy modeling techniques to predict the cost 

and duration of construction projects based on the real data of 12 projects from the 

BCIS data. The results of three of seven projects used for testing purpose were given: 

the average accuracy of predicted cost of the three projects was 89.9%. However, it is, 

again, a small number of projects to be dependent on. It might also be criticised in that 

they give fixed values for several items of information, such as type of contract used 

and type of frame used. 

 

In another study, 1108 projects were tested by Williams’ (2003) cost model. He claimed 

that the percentage of projects which achieved the predicted cost accuracy of 90% or 

more was 68%, while 32% of the projects’ costs were predicted with less than 90% 

accuracy. However, the final project costs were used in the regression model to estimate 

completed costs, which are different from the bidding costs. Emsley et al (2002) 

indicated that their cost model used to predict the total construction costs achieved 

average accuracy of 83.4%. They considered this percentage as better than 79.2% and 

74.1% of the average accuracy values of earlier cost prediction models. Additionally, 

principle component regression was used by Chan and Park (2005) to develop their 

predictive cost model. It gave the average accuracy of 87% and average error of 13%. 

 

Figures 7.41, 7.42, 7.43, 7.44 and 7.45 show the predicted cost compared with the 

actual cost of the nine school projects tested by the models as part of validating the 

results, and shows acceptability in most of the projects in the cost model 2. 
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  Figure 7.41 Predicted and actual costs of tested projects by model 1      

 

 

Figure 7.42 Predicted and actual costs of tested projects by mode 2 

 

 

Figure 7.43 Predicted and actual costs of tested projects by model 3 
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Figure 7.44 Predicted and actual costs of tested projects by model 4 

 

 

Figure 7.45 Predicted and actual costs of tested projects by model 5 

 

 

7.4.3.7.   The Cost Model Applicability   

The average accuracy for the tested nine school projects of the developed model 2 

which is believed to include the largest part of the brief information, included the all 

stated variables in Table 7.14, was 87.38%, which could be acceptable compared with 

the results of the previous stated models. The models developed by Al-Sharif (2007) 

and Elhag and Boussabiane (1999), which gave higher accuracy percents, are applicable 

at the tendering stage rather than the briefing stage. The tendering stage is the stage that 

comes after the decision is taken. As stated by Ashworth (2004), the later the stage of 

the project life cycle, the more available information about the project and the more 

accuracy with which cost can be given. So, at the briefing stage, the average accuracy 

obtained by the developed function based cost model is acceptable. 
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Moreover, the cost model also achieved the main aim of cost models, which is including 

the complete information and only the information available at the stage which it is 

applied in (Ashworth, 2004 and Ferry, 1999). The developed model includes all the 

prioritised design and engineering variables and also, the various school basic 

information variables.  

 

In addition, the function cost model might be used as a benchmark for the new build 

schools at a specific time after their opening. It could be used to ascertain if the school 

achieves the function, quality and cost sought by the various project stakeholders.  

 

However, the function based cost model does not achieve the high level of accuracy 

sought at the commencement of this research. The main aim of the research was to build 

a function based cost model which includes the all available information at the briefing 

stage with high level of accuracy. The model included the total available information at 

the briefing stage generally and the various project client design and engineering needs 

and requirements determined at this stage specifically. But it did not reach the sought 

level of accuracy. The reasons for this could be related to several points 

 

It could be mainly as a result of the small sample size in relation to which Tabachnick & 

Fidell (2001) stated that for applying regression analysis, the number of cases for 10 

independent variables should be more than 80. It might also be as a result of including 

only the most the highly prioritised design needs from the first questionnaire. In 

previous chapter, 88 design and engineering variables were determined as the 

requirements of the school clients at the briefing stage, but as an attempt to get a high 

response percent for the second questionnaire, the number was reduced to the 36 

variables which were the most prioritized among the all variables. Including only some 

of the design variables might not express all the features the project achieved. 

 

Moreover, the time factor of the school age was not included in the analysis. As stated 

previously, respondents evaluated the current situation of their schools rather than at the 

opening date, and so, the older school is, the lower the satisfaction given to the various 

design variables. This output came from studying the relationship between the level of 

achievement for the various general variables and the school age variable. Nevertheless, 

the older schools, the more experienced the respondents. The respondents from the old 

schools knew their schools better than those for the new schools. Including only schools 
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built in the last twenty years reduced, to some extent, the effect of this factor. 

Consequently, it would be fairer to include only schools that were built in the same 

period.  

 

Further, the level of achievement was taken from the head teachers’ perspectives as the 

school users’ representatives rather than the whole school client body which are Local 

Authorities, technical advisors and school users such as pupils, teachers and schools 

staff (Chapter 5). The responses of the head teachers might be affected by the 

psychological situation of the respondents. The more optimistic the respondent is, the 

higher the level of satisfaction is given. Consequently, it could be more objective rather 

than subjective including the whole body of school clients to evaluate the existing 

schools. The shortage of time and resources gave no chance to evaluate the various 

opinions of the whole school clientele. 

 

Lastly, although, the evaluation was obtained depending on the real school buildings, 

the cost used in the analysis was the total contract cost stated in the BCIS data. It would 

be more reliable including the real construction cost of the school in the analysis as it 

expressed the real school building more than the contract cost. The real construction 

cost of the school building includes the construction cost at the end of construction 

phase plus any other additional costs for enhancing or extending the school. However, it 

was very difficult to obtain the real cost of school buildings especially the old schools.  

An email was sent to the different councils asking about the cost information for the 

schools in their regions but no answers were returned from this email. Only schools 

which have not had major refurbishment, enhancement or extension were included in 

the analysis to reduce the effect of this cost factor. 

 

 

7.5    Model testing and validation 

The final shape of a model could not be established until the testing and validation stage 

had been carried out. It is one of the most difficult processes to conduct, especially in an 

academic environment, as it requires real data.  

 

There are several methods for testing and validating a model. The nature of the research 

and model and the researcher experience determine the best means to test and validate a 

model (Sengupta, 2004). For the –purpose of this study, two parts were validated: the 
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results of the first questionnaire (the prioritised school clients needs and requirements) 

and the second questionnaire (the function based cost model). 

 

The outputs of the first questionnaire were validated by the second questionnaire results 

in which the head teachers were asked to give their expectations of the level of 

importance of the various stated design and engineering requirements. The results of 

this question were presented previously in this chapter (Table 7.7). The head teachers 

specified the relative importance of the 35 stated design variables to be between very 

important and extremely important in which was similar to the relative importance 

given by the council respondents in the previous survey (Table 6.16). The council 

respondents gave most of these variables relative importance means which ranged 

between very important and extremely important. In other words, these design variables 

were considered to be the most important variables among the whole 88 design 

variables set presented in the first questionnaire survey. These results confirmed and 

validated the responses obtained by the first questionnaire. Consequently, the school 

clients, whatever their positions, emphasised the 35 variables as highly important design 

requirements which they asked for at the briefing stage for a new build school. 

 

The second questionnaire output which is the proposed cost estimation model was also 

validated by two methods. The first one was testing the results by applying the model 

on number of projects which were not used in developing the model. The second 

method was giving experts the opportunity to appraise the model and give feedback on 

it. 

 

 

7.5.1.   Testing the model 

As seen previously, the new construction cost model was developed relying on the 

historical data for forty school projects published in BCIS cost data. The model depends 

on the level of performance which the stated general design and engineering 

requirements achieve and general school information available in BCIS, such as school 

area and number of floors. The model equation was tested on the same data, and the 

mean prediction error was 9.32%. The model was also validated on another nine 

projects which were not used in developing the model. The outputs show 12.62% as a 

mean prediction error. These results could be considered as acceptable compared with 

other models but could not be generalised because of the small amount of data used to 
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develop the model. The accuracy of cost estimation at the conceptual stage is considered 

to be in range of 80% to 85% (Jong, 1992).                           

 

 

7.5.2.   Expert opinion 

This method depends on the feedback obtained from the experts who applied the model. 

As the majority of variables used within the model are the various general design and 

engineering requirements which the school clients ask for their new-build projects with 

their relative importance, the validation of the proposed cost model is believed in reality 

to be done by group work rather than individual contribution. As stated previously, VM, 

QFD and output specifications are team work techniques which might be applied at the 

briefing stage to distil the various client needs and requirements for their new projects. 

So assigning the various stated design requirements with levels of importance and 

determine their targeted levels of performance are usually a team work contribution. 

 

However, although it would have been desirable to validate this model via a group 

session, there were a number of reasons which made this difficult and impractical. 

These reasons included:  

 

The average accuracy of the proposed model for the nine school projects tested, which 

is believed to relate the largest part of the brief information in comparing with current 

cost models published in literature (Chapter 2), was 87.38%, which could be acceptable 

but did not capture the high accuracy level sought at the commencement of this research 

work, the model includes the prioritised but not all the stated client requirements 

expressed in the briefing stage (Chapter 6), the sample relied on for developing the 

model was small for the regression analysis preventing the ability of generalising the 

results; the levels of performance which the current schools achieve for the stated 

design variables were obtained from sole opinions rather than perspectives of the whole 

client body such as Local Authorities and technical advisors; the shortage of remaining 

time and resources available for this research. Thus it was felt that it was not worth 

conducting a group work session for validating the model. However, it is believed that 

group work session can be applied for validating the model as future work after 

compensating for and addressing the previous issues. 
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This limitation did not prevent the researcher from conducting interviews in an attempt 

to get feedback on the idea, principles and application of the proposed cost model from 

external experts believed to be involved in briefing and costing new-build school 

projects. This process was developed via two stages which were developing the cost 

model to be ready to use and conducting the interviews. 

 

 

7.5.2.1.   Cost model development 

 The cost model was developed on the Excel program within three pages. The first page 

includes the model in the same shape as the House of Quality matrix (QFD) but the 

rows and columns are converted between each other as in Figure 7.46. 

 

   

 

                               

Project cost 

variables 

 

Design and 

engineering 

variables codes 

Project basic 

information 

variables such as 

project area and 

number of floors 

codes 

The real 

construction 

cost with and 

without 

external works 

The predicted 

construction 

cost with and 

without 

external 

works 

Level of importance 

Level of importance 

given for the various 

stated variables 

determined by the 

client (1 to 5) 

 

 

  

Existing school 

name 1 (Compet 1) 
Level of performance 

the schools achieve 

for the various design 

and engineering 

variable 

(Questionnaire 2) (1 

to 5) 

The different 

values assigned 

for these variables 

for the each 

existing schools 

The real 

construction 

cost with and 

without the 

external works 

for the existing 

schools 

The predicted 

construction 

cost with and 

without the 

external 

works for the 

existing 

schools 

Existing school 

name 2 (Compet 2) 

Existing school 

name 3 (Compet 3) 

Existing school 

name .. (Compet 4) 

Existing school 

name n (Compet n) 

     

New proposed 

school project 1 

The targeted level of 

performance sought 

by the new school 1 

(1 to 5) 

The different 

values assigned 

for these variables 

for the new school 

1 

 

The predicted 

construction 

cost with and 

without the 

external cost 
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for the new 

school 1 

New proposed 

school project 2 

The targeted level of 

performance sought 

by the new school 2 

(1 to 5) 

The different 

values assigned 

for these variables 

for the new school 

2 

 

The predicted 

construction 

cost with and 

without the 

external cost 

for the new 

school 2 

Figure 7.46 The basic shape of the proposed cost model 

 

The figure shows that the model contains the full information of the levels of 

performance the existing UK schools achieve, as obtained by questionnaire 2. The level 

of importance for the various design and engineering requirements should be assigned 

by the client of the new school project, on a scale from 1 to 5. Further, relying on the 

stated levels of importance of the various designing and engineering variables and the 

levels of performances which the existing schools achieve, the client team can 

determine the targeted levels of performance sought by the new proposed schools, on 

scale of 1 to 5. In addition, opportunity is given to fill in most of the other variables, 

such as procurement and contract type with specific values or to give another specific 

value as unknown information. But some variables such as school area and number of 

floor should be filled in, as they are believed to be available at the briefing stage. The 

last two columns are for presenting the total construction costs with and without the 

external costs for the existing schools. They also present the predicted construction cost 

with and without the cost of the external works for the new proposed school projects. 

However, adding the inputs in this page of the excel file will be achieved by filling in 

the inputs in the next two pages. 

 

The second page contains the project basic information used in developing the model, 

such as school area, number of floor and contract period, with their explanations and 

possible values. The inputs in this page go automatically to the first page and so the 

estimator does not need to fill in any number in the first page. 

 

The third page allows the estimator to fill the targeted levels of performance which the 

client team decides are to be achieved by their new project for the various design and 

engineering requirements. It includes the full name of the various design and 
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engineering requirements, and again the inputs in this page go automatically to the first 

page. 

 

The model gives the estimator the opportunity to compare the new project’s predicted 

cost with the real costs of the existing school presented in the model. 

 

 

7.5.2.2.   Conducting the interviews 

The function-based cost estimation model to estimate the construction cost of new-build 

school projects at early stage of the project life-cycle is the main output of this research, 

although the correlations between the design and engineering variables and the 

construction cost were not able to be generalised because of the small number of the 

sample used in developing the model and as it was difficult and not worth conducting a 

group work validation of the model, the interview was chosen as a means of feedback 

validation for the idea, principles and application of the proposed cost model. 

 

The interviewees chosen in the validation process were consultants who were involved 

in helping the school client in briefing, designing and costing new build-school projects. 

However, most of the respondents were not willing to help, while others agreed to meet 

the researcher but only after more than one month, which was impossible because of the 

shortage of time available for the researcher. Responses were such as “sorry but we are 

very busy at the moment”, “I will forward your request to a colleague who will contact 

you within 15 working days”, “ Thank you for your enquiry …. It has been forwarded 

to the relevant department which will contact you soon” or “We do not participate in 

any research work”. Consequently, only two quantity surveyors in Scotland believed to 

work in school projects were met.  

 

The interviews were planned to give the opportunity for the interviewees to apply the 

cost model after a short explanation of the research and model aim and objectives. Then 

the interviewees were asked to provide their opinion on the cost estimation model. The 

closed questions were used to investigate the interviewees’ opinions about the 

applicability of the model on new-build school projects generally and at the briefing 

stage specifically, model comprehensiveness, the level of clearness and being 

understandable and the ease of use. Further, open questions were also employed to give 
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the interviewee the ability to comment on the model and its results. The interviewer 

used notes as a means to register interviewees’ views.    

 

 

7.5.2.3.   Results from interviews 

The validation questionnaire was provided to the interviewees after applying the model 

in which they were asked to evaluate the model on four points. They were also asked to 

give their general comments on the model and its results. A five-point Likert scale was 

employed for the respondents to range their respondents from ‘Strongly disagree’ to 

‘Strongly agree’. 

 

 

7.5.2.3.1.   Closed questions results 

The four close questions invited the experts to determine whether the developed cost 

estimation model achieves applicability for new-build school projects generally and at 

the briefing stage specifically. They also cover the comprehensiveness and ease of 

understanding and use of the proposed model. 

 

The first question invited the experts to determine whether the new cost model is 

applicable on school projects generally and at the briefing stage generally. The results 

show that the two experts ‘strongly agree’ that the cost model is applicable on the 

school project and they ‘agree’ on it being applicable at the briefing stage as shown in 

Figure 7.47. 

 

Regarding the comprehensiveness of the model, and as in Figure 7.47, one of the 

respondents ‘strongly agree’ that the model is quite comprehensive for its intended 

purpose. However, the other respondent only ‘agreed’ stating that there are other 

requirements which the client would ask or require other than those stated, although 

those requirements included in the cost model are very important.     

 

The experts also were asked to express their opinions about the ease of understanding 

and clearness of the tested cost model. Figure 7.47 shows that one respondent 

‘agrees‘that the model is understandable and easy to follow but only for those involved 

in the briefing stage and writing the brief. The other respondents assign ‘neither agree 

nor disagree’. This response can be justified by the fact that as a quantity surveyor 



Chapter 7: Function-based construction cost model for new build-school projects 

342 

 

might not involved in any group work in writing a brief, it is normal to find the process 

of evaluating client requirements in such detail and then costing them as a difficult 

process to understand. 

 

One expert does ‘agree’ on the ease of use of the model, but the other indicated ‘neither 

agree nor disagree’, as he/she stated that it could be developed using a better program to 

make it more  user-friendly h and professional as in Figure 7.47. 

 

For the easy presentation of the results in Figure 7.47, the answers are assigned with 

numbers as follows: 

 

 

Number Answer 

1 Strongly disagree 

2 Disagree 

3 Neither agree nor disagree  

4 Agree 

5 Strongly agree 

 

Figure 7.47 The different results of the validity questions  

 

 

7.5.2.3.2.   Comments on the model and its results (open-ended question)  

The open-ended question gave the experts the opportunity to provide their possible 

general comments on the model and its results, as to which might be considered as 

strengths and weaknesses of the proposed model, which are summarised as follows: 
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Interviewee 1 Interviewee 2
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� Nice model with good framework of design elements but the design requirements are    

general and those elements not related to the technical solution. 

 

� Nice straightforward method and good approach and will get clients and design team 

to consider details at this early stage of a project. This will significantly influence 

taking a project forward and may help eliminate confusion and provide clarity. 

 

� Model can be developed on other computer program such as C++ to enhance its    

professional appearance. 

 

� The model needs to be within a very systematic briefing process with team work.  

 

� Wondering if a similar model can be developed for another type of projects. 
 

� It is only used in the UK? And for public funded schools? 
 

� It is hard to tell about the reliability of the results as we do not have such information    

relating to the levels of performance of those elements.  

 
� There are other variables that might be included. 

 

� The model seems to capture even the implied client requirements. 
 

� Can be applied for the whole project life costs (running costs). 
 

� Time is needed to fully understand client needs before the ability to use the model,    

sometimes they need the cost directly in which we do not have enough time to do. 

The additional time taken to complete this at the start of a project may need to be 

fully explained to the client 

 
� It might be difficult to determine the exact level of performance which the client 

sought at this stage, which has a subjective nature. The subjective nature of the 

questions may make joint design team decision difficult to achieve.   

 

Those comments support some of the sought possible future works stated in previous 

paragraphs and will be presented in the next chapter. 
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Consequently, although the feedback obtained from the interviewed experts is 

considered to be positive with some recommendations, the validation is not considered 

as a comprehensive validation, as only one type of respondent, (quantity surveyor) was 

interviewed. The cost estimation model which the client sees as good, the contractor 

sees otherwise and what the client sees as advantages, the contractor sees limitations 

(Jaggar et al., 2002). The complete validation is considered to be a group work 

validation in which a team with different skills meet to apply the model. However, at 

this stage, this interview’s validation and the test process could be considered as good 

validation practice for these research results. The positive feedback gives the researcher 

more confidence and enthusiasm to continue the work in the same direction to develop 

and enhance the cost model to cover the previously stated points. However, a lot of 

resources (human and financial) are required to get more evaluation of the existing UK 

schools, to increase the size of the sample relied on in developing the cost estimation 

model.   

 

 

7.6    Summary 

The main of the survey was to explore the different level of performance for the various 

stated design and engineering requirements which the existing UK schools achieve to be 

included in developing the new proposed cost model. The cost model will predicts the 

construction cost of the new-build school projects at the briefing stage relying on the all 

available information at this stage. The subjects questioned were the various head 

teachers as school client representatives of existing UK schools registered in the BCIS 

data set. The survey was sent to 300 primary and secondary schools head teachers. Only 

25% of responses were returned, with 63 valid responses. Further, Three objectives 

were sought in this chapter, which were: exploring the importance of the emergent 

design and engineering variables from another section of the school client body, 

discovering the level of achievement of the various design and engineering 

requirements for the different UK existing schools, and building a function based cost 

model to estimate the construction cost at the briefing stage. The cost model relies on 

both the level of achievement of the various design variables and basic school 

information such as school area, contract period and number of storeys. 

 

In studying the relative importance of the stated design and engineering variables from 

the head teachers’ perspectives, high relative importance with means which fell between 



Chapter 7: Function-based construction cost model for new build-school projects 

345 

 

very important and extremely important on the scale for the 35 design variables were 

given by the respondents. Further, the schools’ clients whatever their positions, 

emphasised 35 variables as high important design requirements which they asked at the 

briefing stage for new build school. Based on this, the design variables were confirmed 

as available information at that stage to be used in developing the cost model sought 

together with a few other items of school information such as school area, number of 

storeys and ground conditions. 

 

Additionally, the head teachers were asked to evaluate the extent to which their schools 

achieved the various design and engineering variables. In the results, most of the design 

variables satisfaction means ranged between quite satisfactory and satisfactory. This led 

to the conclusion that the schools built in the last twenty years do not disappoint their 

users. It also indicated the high level of achievement the various new governmental 

regulations achieved in new schools. Head teachers were satisfied with the safety and 

accessibility requirements more than with other requirements. It appears that school 

users are happy with the specifications which the various new governmental regulations 

offer. They were more satisfied with the variables which were based on regulations than 

those with advisory examples. 

 

Further, in studying relationships between the level of satisfaction variables and the age 

of the school buildings’ variable, the Pearson product-moment correlation coefficient 

was used. It was found that the satisfactory level of existing school buildings for the 

various design variables from the head teachers’ points of view were negatively 

correlated to the age of schools buildings. So the older the school was, the lower the 

satisfaction achieved. Two reasons were given to justify this type of correlation. Firstly, 

the head teachers evaluated their schools relying on the schools’ current situation rather 

than at the time of being newly built. Thus, the old schools with no regular maintenance 

would achieve lower functionality than the new schools. Secondly, the new design and 

regulation principles are more acceptable and modern than those applied in the old 

schools. However, the chosen school sample for developing the cost model was form 

those built within the last twenty years, in which there was not much change in the 

general design issues. 

 

Two previous studies have been found so far developing cost model to estimate the 

construction cost of new build school projects, which were Al-Sharif (2007) and Elhag 
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and Boussabian (1998). They developed their cost models relying on information which 

are either does not express all the possible information available at the briefing stage or 

does use some technical design information which would not typically be available at 

this stage. Multiple Regression analysis was used to develop the cost model to estimate 

the construction cost of new build schools at the briefing stage relying on the all 

available information at this stage, which comprised the basic school information 

variables and the various general design variables with their levels of achievement, as 

stated in table 7.14. The historic data of 49 purely new build school projects was taken 

from the BCIS database, and processed to produce the prediction equation. Further, 40 

school projects were used to develop the cost model by using regression analysis by 

SPSS program and 9 projects were employed to test the model using Ms Excel. The cost 

model was developed in five stages. 

 

In first stage, the different basic school information variables used by the previous two 

studies and believed to be available at the briefing stage were included in the analysis to 

build Cost Model 1. As result, the mean prediction error of the tested projects was 

14.59% and the average accuracy was 85.41% which was lower than the results 

obtained by AL-Sharif (2007) who obtained the cost figure with a 91.77% accuracy 

mean. This could be because he used a higher number of cases. Moreover, it could be as 

a result of dropping the two variables which were the type of frame used and the type of 

foundations used variables. 

 

In the second stage, multiple regression analysis was applied again to explore the 

correlation between the school project cost figure and the both the basic school 

information and the various general design variables stated in Table 7.14 to develop 

Cost Model 2. The mean prediction error of the tested projects was 12.62% and the 

average accuracy was 87.38%. The results indicated that inclusion of the achievement 

level of the various design and engineering variables in predicting the cost model would 

enhance the accuracy of the prediction. Furthermore, even though the increase of the 

accuracy was not large, it predicts a high degree of correlation between the project cost 

and the various design variables which the project achieves. However, it is too early to 

generalise this information, as the number of sample respondents was not sufficient for 

the results to be generalised. 
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In the third stage, multiple regression analysis was applied again to explore the 

correlation between the school project cost figure and four basic variables which were 

school contract period, school function type, number of storeys and school gross area 

variables to construct Model 3. The outputs showed that the mean prediction error was 

14.46% and the average accuracy was 85.54% which were also worse than those for the 

previous model. The results indicated that the more briefing information included in 

estimating the cost, the more accurate the figure which can be obtained.  

 

Next, in stage four, multiple regression analysis was applied again to explore the 

correlation between the school project cost figure and both the four basic school items 

of information included in the previous analysis and the various general design 

variables to develop Model 4. The cost model was again tested on nine school projects’ 

historic data, which had not been used in the model development. The testing mean 

prediction error was 15.8% and the average accuracy was 84.2% which were in the 

same range of accuracy of Models 1 and 3, but worse than the accuracy of Model 2 

which included the all available information at the briefing stage.  

 

Lastly, as the fifth stage, the correlation between the school project cost figure with the 

various general design variables and function type of the school variable by multiple 

regression analysis was studied to build Model 5. It was found that the mean prediction 

error was 14.97% and the average accuracy was 85.03% which were in the same range 

of accuracy of other models.  

 

The results shown for Models 4 and 5 indicated that the inclusion of the achievement 

level of the various design and engineering variables in developing the cost model 

would not enhance the accuracy of the prediction, if there were briefing information 

excluded or missed from the analysis. On other words, the cost model would predict 

better, if it includes or uses all the information available at the stage which the cost 

model is applied in. 

 

In brief, the function based cost model achieved an acceptable average accuracy and 

included the most important, prioritised information and only information available at 

the briefing stage, which is the stage of using the model. The developed model included 

the whole set of prioritised design and engineering variables and also the various school 

basic information variables believed to be available at the briefing stage. It might be 
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used as cost predictor at the briefing stage or used as a benchmark tool for projects’ 

value for money at specific times in the operational stage of the school project life 

cycle. However, it is early to generalise from this information, as the number of sample 

respondents was not sufficient for the results to be generalised. 

 

The function based cost model did not achieve the high level of accuracy sought at the 

commencement of this research, as the main aim of the research was to build a function 

based cost model which includes the all available information at the briefing stage with 

high level of accuracy. Small sample size, none including the whole range of design and 

engineering variables determined in the previous chapter as the requirements of the 

school clients at the briefing stage, the time effect of school building’s age, which was 

not included in the analysis, the single point of view of the level of achievement of the 

various design variables and using the contract cost instead of the real cost were 

determined as the real reasons which might caused the less high accuracy of the 

proposed cost model. 

 

Further, the validation processes were conducted to confirm the validity of the resulted 

cost estimating cost model. Testing the model and getting feedbacks by interviewing 

experts were carried out. Two quantity surveyors were met for the purpose of 

validation. 

 

It should be acknowledged that testing the model on school projects which were not 

used in developing the model showed an acceptable but not high level of accuracy. In 

addition, the interview results demonstrated the applicability of the model on school 

projects generally and the briefing stage specifically, the ease of understanding and use 

of the model and the comprehensiveness of the model. But several point has been raised 

to develop and enhance the model in which could be considered as a future work. 

   

Consequently, further research and work are recommended to overcome these 

limitations, as the possibility of finding a relationship between the project cost and the 

various clients’ design needs and requirements was achieved and confirmed in this 

research. 
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Chapter 8: Conclusions, limitations, contributions and 

recommendations for future work 

  

8.1   Introduction 

The development of a function-based cost model and its validation has been discussed 

in the previous chapters. The main aim was to develop and build a cost estimation 

model to predict the construction cost for UK new-build school projects at the early 

stages of the project life-cycle, relying on the various client design and engineering 

requirements with their levels of achievement, as the main cost drivers of the model. 

Those requirements are believed to be asked by the school clients at the briefing stage 

(conceptual stage) of the project life-cycle to be addressed in their new projects. 

 

The main findings of the research that has provided the core to the understanding of the 

various design and engineering requirements which should be addressed in new school 

projects, and the project cost spent for these requirements to be addressed, are presented 

and collated in this chapter. It also discusses the main research contribution to current 

knowledge and its accompanying limitations. In addition, a number of 

recommendations for future work and studies are shown. 

 

 

8.2   Main findings 

The comprehensive review of the literature and the survey of current practices 

conducted in briefing, procuring and costing new construction projects generally and 

UK school projects specifically, revealed that the current cost estimation models used to 

estimate the construction cost of new projects generally and school projects in 

particular, at early stages of the project life-cycle, lack comprehensiveness in expressing 

the whole range of information believed to be available at early stages, for instance, the 

design and engineering requirements asked by the project client at that stage (Aibinu & 

Pasco, 2008 and Langmaid, 2003). This forms the main problem investigated in this 

research. Most researchers claim that the accuracy of cost estimates at early stages is 

low as a result of the limited information about the project available at the briefing stage 

(Liu & Zhu, 2007; Snomez, 2004; Akintoye & Fitzgerald, 2000 and Ferry et al., 1999) 

However, they neglected how rich the information available at the briefing stage is, in 

terms of the various client needs and requirements information. The high importance of 
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the early cost estimates arises from the fact that they play a key role in the client 

decision to go for build (Jaggar et al., 2002). In addition, project value for money is 

achieved by balancing the function and quality of the project, by achieving the project 

requirements and needs, and the cost of achieving those requirements (Kelly et al., 

2004). Because of the wide variety of construction projects, the high importance of the 

education sector, and the large amount of cost data available for this type of project, and 

to solve the problems associated with inexperienced clients who do not know what they 

need from their projects, school projects were chosen as case study of this research. 

Based on this, the research aim and objectives were established. The research undertook 

the responsibility for developing a standard list of design and engineering requirements 

asked by the school clients for their new school projects at the briefing stage, together 

with their levels of importance, as determined by the clients. It also investigated the 

different levels of performance achieved by the various UK existing school buildings 

for the design requirements presented in the previous list. This information is utilised to 

achieve the main output of the research in developing a function-based cost estimation 

model to predict the construction cost of new-build school projects at the briefing stage. 

The cost figure predicted by the proposed cost model expresses the cost which meets 

the various design and engineering requirements asked by the client for their new school 

projects and provides the client with the confidence to take a decision. The research 

objectives and their conclusions are as follow. 

 

 

8.2.1  Objective 1: Investigating the briefing stage of the project life cycle  

  

The research process commenced with a review of the literature in order to identify and 

explore the area of themes significant to the topic selected. The objective of exploring 

the briefing stage of a project life-cycle is to gain a theoretical knowledge and 

understanding of its functions, ideas, principles, the people involved and techniques 

used for construction projects generally and school projects specifically as presented in 

chapter 2.  

 

The discussion in the chapter pointed out the high importance of delivering a successful 

briefing stage for project success which achieves the client and users satisfaction. It is 

the first phase of the project life-cycle process in all traditional and concurrent 

construction procurements and processes. The briefing stage is the stage of forming a 
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comprehensive understanding of the structure, objectives and requirements of the 

project client to be transferred into the completed project. Further, although there are 

many outputs sought to be achieved during the briefing stage, the core mission is 

believed to be determining the different stakeholders and their prioritised needs and 

requirements for their new- build projects in order to provide a successful project which 

satisfies its clients. The client body for school projects consists of the UK government, 

local authorities, design team, users such as head teachers, teachers, staff and students, 

and other involved organisations. In addition, it is believed that it is really the first task 

of a project development to cost the brief, as presented, with sketchy information and 

without any sort of design (Ferry et al., 1999).  

 

So, the main two missions which should be achieved at the briefing stage of 

construction projects in general and school projects in particular are establishing client 

satisfaction by determining and prioritising their various needs and requirements by all 

available techniques and methods and also costing those requirements to explore the 

client affordability and provide them with confidence to take a decision. The 

insufficient articulation of the various client needs and requirements in their projects 

and providing the client with a cost estimate that does not express their needs are the 

main reasons for client dissatisfaction in the construction industry. As the successful 

brief achieves the balance between client needs and requirements and the available 

budget, a good practice is to determine and prioritise the various client needs and 

requirements and then distribute the budget over these requirements according to their 

prioritisations. Client needs and requirements might be general, site, environmental and 

regulatory requirements which form the various design requirements of the client 

(Kamara et al., 2000). 

 

In addition, the process of delivering a successful briefing stage appears to be difficult. 

Several techniques and methods were determined as a successful means of providing a 

successful briefing stage and writing a comprehensive brief. These include value 

management, quality function deployments, outcome-based approach, post occupancy 

evaluation, output specifications, design quality indicators and the use of different 

governmental documents published to help in delivering a successful brief. Some of 

these techniques can be used at the different stages of project life-cycle, but they have a 

particularly strong influence at the briefing stage. The main aim of the previous 

techniques is establishing, prioritising and presenting the various needs and 
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requirements of the project client at the briefing stage in which a comprehensive 

understanding of the all project needs and requirements is formed for all involved key 

people. These requirements are presented as general non-technical needs rather than 

technical design issues. A major problem presented by Chinyio et al., (1998) is the 

difficult mission of developing a blueprint of the various clients’ needs and 

requirements for all projects, according to the clients’ different preferences. However, 

they claim that it is possible to form a general needs and requirements of clients and 

then prioritise them according to every specific project. It is believed that forming a list 

of general design and engineering requirements of school clients from several resources 

would enhance and provoke the imagination and creativity of the team involved in 

writing the brief.  

 

Several techniques such as information gathering, focus groups, questionnaires, 

interviews, house of quality (HOQ), tree diagram, clustering analysis and function 

analysis system technique (FAST) diagram are used within those methods to distil the 

various client needs and requirements at early stages. HOQ is the core technique of 

QFD which is used with all its different rooms to transfer the client needs and 

requirements into an appropriate product. HOQ is assumed to be a useful tool in the 

proposed cost estimation model that services as a successful way of presenting the 

various requirements, their levels of importance and performance, and their costs.  The 

applicability and effectiveness of the previously stated methods at the brief stage is 

confirmed by many researchers, and the application of some of these techniques such as 

DQI, POE and the governmental documents, was confirmed at the briefing stage of new 

school projects. In contrast, other techniques such as VM and QFD were not found to be 

used. Although there is lack of evidence of using some of these methods at the briefing 

stage of school projects, the different techniques employed within these methods are 

believed to be useful tools in organising and prioritising the various tangible design and 

engineering requirements of new school projects, like information gathering and 

creating a hierarchy of the distilled client requirements, for example. Only those 

tangible client requirements which can be transformed into a design solution would be 

included in the weighting stage, while, the very general requirements from precedent 

levels would be used as headings only. Moreover, the target values of the various client 

requirements determined for required project, obtained relying on the designer 

experience, levels of performance achieved by the previous projects to the stated 
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requirements and the level of importance for each requirement, will be used as the new 

input variables included in the proposed cost model as seen in chapter 7. 

 

 

8.2.2  Objective 2: Describing the cost estimation mission and exploring the cost 

models used for estimating purposes at the conceptual stage of the construction projects 

generally and school projects particularly  

 

This part concerns exploring the main ideas and principles of cost estimation mission 

and also investigating techniques used, their cost variables involved and their 

limitations and advantages. One of the most effective factors of project success is an 

estimate of an accurate and reliable cost figure during the different stages of the project 

life-cycle generally and at early stage (briefing stage) particularly to produce good 

financial advice. The low accuracy of conceptual cost estimates has been justified by 

describing the project scope at this stage as not finalized and claiming that very limited 

design information is available. However, the estimators neglected how rich the 

information at this stage is with all client needs and requirements expressed. In fact, 

several factors affecting the accuracy of early cost estimation were determined but the 

most important factor was the fail to form a full understanding of the client needs and 

requirements before the estimation process, because the current cost estimation methods 

rely widely on the estimator’s experience rather than considering and expressing the 

client requirements. The poor reputation of current cost estimation methods, and the use 

of information technology called for a change of the old practices. It is important for 

cost models and methods to be reliable by including the whole information available at 

the stage at which they are applied. The current cost estimation methods, techniques and 

models applied in construction industry were investigated and presented with their 

assigned limitations and advantages in chapter 2. 

 

Although the traditional estimation methods that are based mainly on the estimator’s 

experience and historic information have been criticised, they continue to be employed 

because they use easy-to-follow models and because of a loss of motivation among the 

experts to use new methods. In other hand, modern cost estimation methods rely on 

several cost drivers such as area, duration, procurement type, foundation type and others 

as inputs to predict the cost figure. Several cost estimation models were found in the 

literature for construction projects and few models for school projects (Chapter 2). 
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However, the cost variables used in these methods and models would either be 

unavailable at the conceptual stage or be available but do not express the various client 

design needs and requirements. As a result, the cost estimation methods applied to 

predict the cost for new school project failed to express the various client needs and 

requirements and created a climate of dissatisfaction among the construction clients. 

These limitations emphasize the need to develop a cost model which articulates the 

clients’ main design and engineering requirements to provide a cost estimate in the early 

stages of new-build projects. The various client needs and requirements with their 

prioritised weights are believed to be very good cost predictors which can be included 

in estimating the project cost at early stages of the project life cycle. 

 

 

8.2.3  Objective 3: Determine and extract the various design and engineering needs and 

requirements which the clients ask for their new-build school projects. 

 

This objective focuses on extracting and determining the various client design and 

engineering requirements for new-build school projects by investigating the various 

published design and briefing guidelines and techniques used at briefing stage. Three 

aspects were reviewed to accomplish this mission which are the range of policy 

guidelines and regulations which govern the design issues relevant at the briefing stage 

of schools, the various design evaluation methods laid down by governmental agencies, 

which assess the design solutions for schools and highlight features of good design, and 

reviewed literature which relates school design and physical environment with the 

educational performance of pupils and teachers. The resulting requirements would be 

the main criteria of client satisfaction in achieving good design and quality. This list of 

requirements will help to enhance project VFM, teaching and learning missions, and the 

working environment in the school building. The various school design and engineering 

requirements asked by the client at the briefing stage and forming the main part of the 

produced brief have thus been identified.  

 

The different techniques used within VM and QFD were employed, in the analysis and 

reviewing process of the different previous stated methods and techniques, such as 

information gathering, a tree diagram with a hierarchy sequences and clustered analysis. 

The main criterion in analysing and reviewing these sources was that only the tangible 

client requirements which can be transformed to design solution were considered for the 
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weighting stage, while, the very general requirements from preceding levels were used 

as headings. The extracted design and engineering requirements were written and 

clustered, a according to  their interrelationships and hierarchical level, as there were 

similarities and differences among the various stated requirements in each document, 

where client needs and requirements can be structured into a hierarchy of primary, 

secondary and tertiary needs. However, only the tertiary needs are included in the 

weighting process as they can be developed into designing solutions (Griffin & Hauser, 

1993). Several revisions were made to arrive at the final eighty eight design and 

engineering needs and requirements presented in Table 3.10.   

 

These requirements form the main part of a school brief at the briefing stage, in addition 

to number of possible known school project characteristics such as total area, number of 

pupils, site condition, climate conditions (weather, natural light, demography of a site 

and level of noise), number of stories, the height of the storeys and contract period. 

Those requirements will be used to form the main parts of the two quantitative 

questionnaires. 

 

 

8.2.4  Objective 4: Exploring the current practices of briefing with the applicability of 

VM and QFD, in designing and costing new build school projects.  

 

This objective is concerned with exploring and reporting on the current practices of 

briefing, designing and costing new-build school projects by conducting qualitative 

interviews with school clients who are the various UK local authorities (Chapter 5). 

This objective is considered as the confirmation and complement of the literature review 

stage.  

 

Concurrently with the literature review stage, the first data collection process was 

conducted in the form of qualitative interviews to elicit more data for objectives 1, 2 and 

3. A number of ideas and points emerged from the interviews as follows. 

 

The briefing stage of the project life cycle is a key stage for the success of the projects 

in which the various clients’ needs and requirements for their new school projects and 

required cost to achieve these requirements were determined. The client requirements 

and needs include the required accommodation, quality, specifications and the various 
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government and council policies and regulations which should be used as the basis for 

estimating the school project cost to give the client the opportunity to evaluate their 

different options. The school brief produced at the briefing stage is regarded as a 

document that can be relied on to design the new build school projects in which the 

outline brief is developed to a detailed brief which contains the whole of the clients’ 

requirements with their design solutions. The first time when the cost figure is requested 

proved to be after the outline brief, at the time for the decision to go. The client body of 

the school projects were identified as the education department, technical advisors and 

the schools users such as head teachers, students and staff. To be considered successful, 

the project has to satisfy these stakeholders. The councils see themselves as the most 

able body to prioritise and determine their needs, rather than any other parties. The 

previous ideas and principles support the obtained information from the literature 

review.   

 

From the interviews, it was established that different sources were depended on by the 

councils to get their money to build new school projects. However, experts revealed that 

whatever the source of money for budgeting school projects, an accurate cost estimation 

figure at very early stages of the school projects life cycle is very important and it is 

imperative that it should be established to determine the budget and therefore the right 

decision to go.    

 

Moreover, the research revealed that experts are not aware of VM and QFD as methods 

to extract and prioritise the various needs and requirements of school client, However, 

they apply their own methods of gathering information from the various published 

government documents, and weight the various client needs to prepare the brief for new 

build school projects which give similar results to VM and QFD are provided.  

 

In addition, the experts affirmed that all schools are similar in their design and quality 

requirements but different in the way and level of achieving them. These quality and 

design factors include space qualities, space arrangement, sustainability, environmental 

issues, community use and accessibility, which are all laid out in the different 

government documents. This supports the possibility to formulate one general list of the 

various design and engineering requirements for new-build schools which would be 

used by the school project team to determine their priorities and required performance 

for those requirements.   
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The results also support the literature in finding that traditional, D & B and PPP are the 

three main procurements used in councils for new school projects. 

 

Further, all advisors give a cost figure based on unit area (square metre) at early stages 

of school project life-cycle, which leads to the clients being not fully satisfied with their 

performance. The lack of updated historic information, the lack of understanding of the 

clients’ needs at the briefing stage, human factors and the large difference in the level of 

performance among the old schools and new schools were stated as the main limitations 

of current cost estimation methods used at the early stage of the project life cycle. 

Moreover, their estimation methods depend largely on the accommodation 

requirements, rather than any other requirements. The council representatives agreed 

that the advised cost figure at the early stage of the school project life cycle is rough and 

not very accurate and called for full understanding of clients’ requirements and brief by 

the various advisors before giving cost advice. 

 

As a consequence of what has been stated previously, the importance of developing a 

new cost model to estimate the construction cost of new-build school projects at the 

briefing stage, relying on the level of achievement and performance of the various 

design requirements, is supported.  

 

 

8.2.5  Objective 5: Develop and confirm UK school clients’ prioritised design needs 

and requirements determined at the briefing stage of the school project life cycle.  

 

The first quantitative questionnaire was conducted to develop and confirm a list of the 

prioritised design and engineering requirements asked by the UK school clients at the 

briefing stage of the school project life-cycle (chapter 6).  The survey provided the 

relative importance of the eighty eight design and engineering requirements from the 

perspective of the school client (the UK local authorities and their technical advisors). 

The survey response rate of 25.17 percent confirmed the high importance, in the range 

of important and extremely important, assigned by the school clients to the whole eighty 

eight design and engineering requirements categorised, with thirteen general categories, 

to be presented in the new school brief at the briefing stage of the school project life-

cycle. The results presented show that the school clients emphasised the regulatory 

requirements, such as accessibility and safety, more than the other stated requirements.  
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However, in an attempt to enhance the response rate for the next survey, a reduction of 

the number of the design and engineering requirements was carried on by a number of 

statistical techniques. Only variables which have the highest relative importance with 

statistical significant difference with the other variables in the same category were 

chosen to be the main variables for the following survey. As a consequence, 35 design 

and engineering variables presented in Table (6.37) were selected to be the most 

important variables in the school clients’ perspectives, and used to evaluate the 

performance of the existing UK school buildings in the process of developing an early 

cost model for new build schools. 

   

The findings of this survey also showed that the different governmental and policy 

documents used in the literature to extract the eighty eight design and engineering 

requirements are used also by UK councils who represent the school clients, as 

guidance to write and form the brief for new build school projects. 

 

 

8.2.6  Objective 6: Construct and develop a function-based construction cost model for 

new build school projects.  

 

This objective is achieved by conducting the second quantitative survey and by 

applying the multiple regression analysis. The main cost variables of the proposed 

model were the various design and engineering requirements of school clients for new 

build schools with their levels of performance (Chapter 7). 

 

The main aim of the survey was to explore the different levels of performance for the 

various stated design and engineering requirements achieved by the existing UK 

schools, to be included in developing the new proposed cost model. The cost model 

predicts the construction cost of the new-build school projects at the briefing stage 

relying on the all available information at this stage, which is believed to consist of the 

various design requirements and a number of basic project information, such as school 

area, number of floors and ground conditions.  

 

The response rate of 25 percent indicated a high relative importance in range of very 

and extremely important assigned by the respondents for the 35 stated design variables. 

This result highlights that the schools’ clients, whatever their positions, emphasised the 
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35 variables as highly important design requirements asked by them at the briefing stage 

for new build school.  

 

The results also showed that the school users are quite satisfied with their schools in 

achieving their various requirements. This issue led to the conclusion that the UK 

schools built in the last twenty years neither disappoint their users nor achieve high 

performance in general. Further, the results indicated that the school users are more 

satisfied with performance in relation to those requirements based on the governmental 

regulations and policies than with the other requirements that come from advisory 

examples. It was also found that the levels of performance achieved by the existing 

school buildings for the various design requirements are negatively correlated to the age 

of the school, in which the older the school is, the lower the performance that is 

assigned to it by its users. This issue indicates that school users evaluate the current 

situation of their schools rather than at the time of being newly built, and also that the 

new design and regulation principles are more acceptable and modern than those 

applied in the old schools. 

 

Two previous studies have been found so far, developing a cost model to estimate the 

construction cost of new build school projects, but these two models do not express all 

the possible information available at the briefing stage and also they use some technical 

design information which would not typically be available at this stage. Multiple 

regression analysis was used to develop the new cost model to estimate the construction 

cost of new build schools at the briefing stage, relying on all the available information 

at this stage, which comprised the basic school information variables obtained from 

historic data collected from BCIS and the various general design variables with their 

levels of achievement obtained by the survey. The historic data of 40 purely new build 

school projects was taken from the BCIS database, and processed to produce the 

prediction equation using regression analysis. Another 9 projects were used for testing 

the developed cost models.  

 

Firstly, the different basic school project information believed to be available at the 

briefing stage, such as school area, number of floors and type of procurement used were 

included in the analysis to build the first cost model. This study aimed to create a cost 

model for comparison purposes. As result, the mean prediction error of the tested 

projects was 14.59% which is higher than the same value in one of the previous studies. 
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This could be because of the higher number of cases used by the other study or the 

incorporation of the two variables which would not actually be available at the briefing 

stage. 

 

Secondly, multiple regression analysis was applied again to explore the correlation 

between the school project construction cost figure and both the previous basic school 

information and the various general design variables sought by the school client at the 

briefing stage for new-build school projects, with their levels of performance to develop 

the cost model sought by this research. The mean prediction error values of testing the 

model were 10.13 % in the training data for the 40 projects used in developing the 

model, and 12.62% using the nine school projects which were not used in developing 

the model. The results indicated that inclusion of the performance levels which the 

school project achieves of the various design and engineering variables in predicting the 

cost model would enhance the accuracy of the prediction, in which a correlation 

between the project cost and the various design variables has been observed. However, 

it is too early to generalise this information, as the number of sample respondents was 

not sufficient for the results to be generalised. 

 

In the third, fourth and fifth stages, multiple regression analysis was applied again to 

explore the correlation between the school project cost figure and different sets of 

variables, to study the effect of the sample size. The main output of this series of tests 

showed that the more briefing information included in estimating the cost, the more 

accurate the figure which can be obtained. In other words, the cost model would predict 

better, if it includes or uses all the information available at the stage which the cost 

model is applied in. 

       

In brief, the function based cost model achieved an acceptable average accuracy, in 

which it integrated the most important, prioritised information and the items of project 

information believed to be available at the briefing stage, using only the information 

believed to be available at the stage of its application. However, the high level of 

accuracy prediction of the function-based cost model sought by this research was not 

achieved. Several reasons stated as expectations of lower accuracy than expected of the 

proposed cost model will be presented in the limitations section of this chapter.  
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Further, the developed model included the whole set of prioritised design and 

engineering variables and also the various school basic information variables believed 

to be available at the briefing stage. It might be used as cost predictor at the briefing 

stage or used as a benchmark tool for a project’s value for money at specific times in the 

operational stage of the school project life cycle. So, it is the mission of the estimator to 

understand the various client design and engineering requirements, their prioritisations 

and their sought level of performance, determined by the client team for their projects, 

to be able to use the proposed function-based cost model (the research outcome) to 

estimate the construction cost of the new-build school at early stages. However, as 

stated above it is early to generalise the research results.  

 

Furthermore, the function-based cost model was tested and validated by interviewing 

practitioners. The testing process showed an acceptable but not high level of accuracy. 

In addition, the validation process demonstrated that the developed cost model has an 

acceptable level of applicability for school projects generally and at the briefing stage 

specifically, in terms of the ease of understanding and the use and comprehensiveness of 

the model. These results indicate that the developed cost model seems to work quite 

adequately and accurately to meet partially the research aim and objective. 

   

However, further research and work are recommended to overcome the research 

limitations, as the possibility of a correlation between the project cost and the various 

clients’ design needs and requirements was confirmed in this research. 

 

 

8.3   Limitations 

Developing a cost model might be a long and fatiguing process, depending on the 

number of variables comprised in it and the range of assumptions made. The function-

based cost estimation model presented in this research has some limitations; these are: 

 

� This model can be used only for school projects but could be developed to include 

the other types of construction projects. 

 

� The small sample size utilised in developing the cost model, which was acceptable in 

terms of the available time and resources for the researcher. 
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� The incorporation of only 35 design and engineering requirements among the 88 

stated requirements confirmed as the requirements asked by the school client at the 

briefing stage. 

 

� The performance levels of the existing UK school buildings were taken from the 

head teachers points of view rather than the whole client team which consists of local 

authorities, consultant and school users such as head teachers, teachers, pupils and 

staff. The inclusion of the various perspectives reduces the subjective nature of the 

evaluation. However, a formal and strong invitation should be sent to all participants 

to encourage them to answer the survey, as a large number of the  respondents were 

not willing to respond. 

 

� Scientific tools were not applied to analyse the qualitative data. However, 

summarising, editing, interpretation and coding the interviews’ transcripts were 

employed. These tools depend widely on researcher’s interpretation.     

 

� The age of the school building was not included in the cost model, as the respondents 

evaluated their school buildings depending on their current situation rather than the 

situation at its time of opening. This matter reduces the fairness in evaluating the 

schools. 

 

� The model relied on school buildings listed in BCIS data base only, as this is one of 

the biggest cost databases in the UK. However, it could be more powerful to use 

other available data cost sources to increase the sample size. 

 

� The cost figure predicted by the new cost model is expected to cope with the risk of 

changing in design issues in the design as full understanding of the client needs are 

achieved by all involved parties. But there was no consideration of other possible 

types of risks. 

 

� The cost used in the analysis was the total contract cost stated in the BCIS data. It 

would be more reliable when including the real construction cost of the school in the 

analysis, as this expresses the real school building more than the contract cost. The 

real construction cost of the school building includes the construction cost at the end 

of the construction phase plus any other additional costs for enhancing or extending 
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the school. However, it was very difficult to obtain the real cost of school buildings, 

especially for the old schools. 

 

� Using coded and specific data rather than generic data such as focusing on primary 

schools in Scotland rather than the whole UK schools in an attempt to seek more 

accuracy.   

 

 

8.4   Contribution to knowledge 

The main aim of this research was to develop and test a function-based cost estimation 

model for new-build school projects to estimate the construction cost at the briefing 

stage. The assessment of the research work is determined by the extent to which the 

research work contributes to knowledge. The contribution of this research to knowledge 

is believed to be as follows. 

 

� Drawing an extensive theoretical and practical picture of briefing and costing new 

construction projects generally and school project particularly in which can be used 

as an extensive reference for other studies concerning these themes. 

 

� Creating a list of confirmed design and engineering requirements and needs asked by 

the school clients at the briefing stage which might be used as the basis of writing a 

school brief. This list would help enhancing the creativity and understanding of the 

client team (local authorities’ teams) for the school client needs in the briefing 

session. This list also can be used within value managements and quality function 

deployment workshops. 

 

� Developing a function-based cost model to estimate the construction cost of the new-

build school projects at early stages of the project life-cycle. The predicted cost 

figure expresses the costs accompanied with the various requirements asked by the 

client, which gives the client confidence in their decision to go. This cost figure 

would also be a benchmark of the design process, in which the predicted cost of the 

project settled after the design, which meets the client needs, should be either the 

same or lower than the cost predicted by the model. If the design cost is higher than 

the models predicted cost, this suggests that there are other design solutions which 

give the same level of performance with lower cost, thus achieving VFM. 
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� The methodology and research methods adopted by this research can be used to 

guide those researchers who wish to conduct similar studies or the same study but on 

other projects. 

 

� The research opens the gate to incorporate both subjective and objective variables 

rather than only objective variables in estimating and evaluating the cost of products. 

It also emphasises the importance of including the whole range of information 

available at the stage of using a specific cost model, whether it is quantitative or 

qualitative information. 

 

             

8.5   Recommendations for future work 

A number of areas that would benefit from further research have been pointed out as the 

research has progressed, among which could be the following: 

 

• Developing a function-based cost model in an attempt to explore the possible 

correlation between the project cost and the various levels of performances of design 

and engineering requirements, which would be completed and developed by the 

incorporation of the whole design and engineering requirements stated in chapter 6. 

It also would be useful to increase the number of schools evaluated in an attempt to 

enhance the results of the model. 

 

• The cost model is built on the assumption of a linear relationship between the studied 

variables and the project cost. However, it would be useful to investigate the possible 

non-linear relationship by using NNs analysis or other techniques. 

 

• The model focuses on estimating the construction cost of new-build school projects 

in which developing the model to cover the whole life costs would build an 

integrated cost model. 

 

• Applying the model concept on other types of construction projects in different 

countries to build a comprehensive cost model. 
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8.6   Benefits from the research 

In addition to the contributions which the research achieved to knowledge, a number of 

benefits for the researcher himself have been acquired by the research process. These 

include: 

 

• The high level of skills and experience acquired by the inexperienced researcher, as 

this research was the first research type of work conducted by the researcher. 

 

• The ability of the researcher to adopt and employ the different research methods, 

techniques and principles to serve the different objectives, which gave the researcher 

the opportunity to investigate and apply the two philosophical paradigms and 

differing research approaches. 

 

• Research skills, in terms of planning for problem solving, plan execution, data 

analysis, synthesising from different strands of information, and time management 

have been developed, as well as the skills of using mixed methods in structuring and 

analysing a large amount of data, and generating complex documentation. 

 

• The different presentations offered the researcher a chance to increase and enhance 

the confidence and self belief of the researcher as a foreign postgraduate student who 

had not the opportunity to conduct research, to present, explain and defend his 

thoughts, ideas and beliefs in English.   

 

This research work has been a worthwhile journey which offered a depth and richness to 

the life experience of the researcher commencing from the literature review, problem 

identification, problem solving, work planning and time management, and going 

through data collection and analysis, interpretation results, and ending with writing the 

thesis which were learning curve for the researcher. The experience was sometimes 

exhausting, frustrating and difficult but has provided a lot of excitement and 

stimulation.  
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