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3. THE THEORY OF PRICE PLANNING AND PRICE CONTROL WITHIN THE CONTEXT OF THE BUILDING DESIGN PROCESS
3.1 Introduction
The purpose of this chapter is to examine, in broad terms, the theory of the design process in order to assess how the design function impacts on the nature and use of price models. The current theory of price planning and price control within the context of design will be examined. The techniques of price modelling available to quantity surveyors will be determined, and the price data available to the profession highlighted. Finally, the theoretical accuracy achieved in price forecasting will be investigated.

This examination will facilitate, in the following chapter, a communication-based analysis of the theory of price planning and price control in South Africa, its position within the design framework, and its effectiveness, from a communication point of view, as a medium for the provision of design-to-price advice. The communication-based analysis is presented as a separate entity so as not to intrude upon discussion of the relationship between the theory of design and price planning and control.

It has been stated that for the quantity surveyor to accept responsibility for design economy, he or she must participate in and be capable of influencing design (Reynolds, 1978; Taylor, 1984). If the raison d'etre of price modelling is the servicing of the information needs of the design process, then the nature of the design process is important to price modelling given the fact that the price information requirements of design affect the description of an appropriate price model. This issue was highlighted by Dell'Isola (1972), who stated that traditional models are unable to provide design-to-cost (sic) control. 

Other writers, for example, Broadbent (1988), have addressed themselves to describing the process of building design, attempting to provide a model of the methodology of the design process. Raftery (1984) points out that the process of design is difficult to formalise as the only evidence that is capable of observation is the end product. Nevertheless, given that the role of the quantity surveyor is to provide information to facilitate the decision-making process during the design phase, to be an effective member of the design team he or she must understand when the major decisions of price significance are made (Ferry and Brandon, 1991). This, in turn, implies an appreciation of the process of design and the information flow during that stage. Given the interrelatedness between the design process and the information upon which that process is reliant, the nature of the client's brief is also considered to be of relevance to the issues of design and price forecasting.

The treatment here of the client's brief and the theory of design is limited to that necessary for an appreciation of their interaction with, and effect on, price modelling and price forecasting. As these relationships are explored more fully in Chapters 4 and 7, critical comment here is minimal.

In keeping with the philosophy expressed in Chapter 1 of this thesis, the more traditional terminology of the `cost' planning and `cost' control of buildings is replaced by the terms `price' planning and 

`price' control of buildings.

3.2 The client's brief
3.2.1 Introduction
Few clients, especially the inexperienced, are fully aware of, or understand the significance of many of the issues involved in the building procurement process (Murray et al., 1990). This, in turn, is reflected in inadequate briefing of the architect and design team which, it is suggested (N.E.D.O., 1974), is partly responsible for the current level of client dissatisfaction (at least in the United Kingdom) with their buildings. It has been accepted in the past that the brief should represent a static and definitive distillation of the client's requirements. This assumes that it is possible for a client to comprehensively define all relevant criteria in such a manner that they do not conflict with one another.

That this is not the case has led to dissatisfaction with briefing methods (Goodacre et al., 1982), resulting in a number of studies of briefing methodologies (e.g., O'Reilly, 1973; Jenks, 1975).

3.2.2 The establishment and communication of client needs
The extent to which the client can assume responsibility for initiating, directing and maintaining effective communication with, and between, members of the design team is seriously underestimated (Murray et al., 1990). Failure by clients, therefore, to effectively adopt the role as information providers, especially during briefing, can generate problems (O'Reilly, 1973; Mackinder and Marvin, 1982; Graham, 1983). Thomas and Carroll (1979) assert that the ability of the client to communicate the desired goal to the design team will influence the eventual solution. It is also suggested that decisions made by the client with regard to the communication patterns established with the design team affect the process of design throughout the remainder of the pre-contract phase (Higgin and Jessop, 1965).

The briefing process begins with the identification of the client's essential objectives. It is necessary to differentiate between these and the design brief per se, as the distinction between the two may be blurred by political, social and commercial considerations (Jones, 1970). Ashworth (1988) and Atkin (1988) describe the requirements of clients' as the successful combination of the factors of performance, time and price. The relationship between these three factors is shown in Fig. 3.1.


Fig. 3.1 An overview of client requirements (adapted from Ashworth, 1988)

Although the satisfaction of the performance requirements, in particular the issues of appearance, quality and function, necessitates the exercising of value judgements, most of these factors are quantifiable in one form or another. More specifically, the degree of client satisfaction revolves around two types of criteria, namely, subjective criteria (e.g., aspirations, aesthetics, quality, value for money) and objective criteria (e.g., time scales, construction techniques, price).

A crucial aspect of the briefing process is the transmission of information (in the form of messages) between the client and the design team. In this respect, the issues of: the diversity of methods used by clients to formulate the brief (Murray et al., 1990); wishing to avoid design team member bias (Higgin and Jessop, 1965); the use or not of standard procedures by the design team (Newman et al., 1981); maximisation of expectations by clients (Kelly and Male, 1988); client identity (Ferry and Brandon, 1991); and initial versus evolutionary brief development (Kelly, 1990), amongst others, all serve to illustrate the problems inherent in brief formulation. These issues will be discussed more fully in Chapter 4.

3.2.3 Problem areas in brief formulation
Little published literature exists on the briefing process, methods of client guidance, and appropriate mechanisms for assessing client satisfaction. This shortcoming may result in barriers to effective communication, inappropriate levels of abstraction, as well as the use of inappropriate types of messages and technical language.

The following areas have been identified (Goodacre et al., 1982) as areas for concern in the briefing process.

3.2.3.1 Client inexperience
Quite clearly, previous experience is crucial to the client's ability to direct and manage a course of action, and the degree of involvement in the formulation of the brief. Three main client types are said to exist: the inexperienced client with no prior involvement in the building industry; the client with moderate building experience; and the experienced client.

In the case of the inexperienced client, the selection of the design team is of particular importance. Such clients may not even be aware of the full extent of their needs, requiring careful guidance  by the design team. Clients with moderate building experience may include those clients with little or no experience in the building industry, but possessing considerable experience in their own discipline. A chartered accountant or a syndicate would be examples of such clients. In such instances, the client's contribution to the formulation of the brief can be substantial if the appropriate guidance is forthcoming. Experienced clients possess comprehensive knowledge of building and the building industry, are often very demanding and critical, and augment their knowledge by a deep understanding of their own disciplines.

It is, however, very difficult to categorise clients in terms of stereotypical definitions (Higgin and Jessop, 1965), and each client-design team briefing interaction should be undertaken in a manner appropriate to the particular circumstances.

3.2.3.2 Client identity
Given the range of possible client types, for example, central government, provincial and local authorities, large commercial concerns, syndicates and individuals, there is a need to establish the client's identity clearly and to institute effective channels of communication. This is essential for establishing lines of responsibility, accountability and decision-making procedures. The Tavistock Institute (1966) found that, where the client is not an individual, even if the inception was initiated through a particular individual, the briefing process rapidly becomes a conference between groups on both sides.

These client systems, as with the building industry as a  whole, are made up of both congruent and competing sets of understandings, values and objectives. Design effort can prove to be abortive because unresolved and unrecognised conflicts of interest within the client system have come to light only after the building process has been initiated (Tavistock Institute, 1966). The design team should, therefore, adopt a more conscious understanding of the whole field of social forces within which it works.

3.2.3.3 Establishing the need to build
The procedural `Plan of Work', (`Procap'), issued by the Institute of South African Architects (I.S.A.A., 1989) and reproduced in Section 3.3.3.7, makes unequivocal reference to establishing the client's need to build. This may be regarded as the client's initial involvement, and failure to explore all available options and alternative solutions to an apparent need to build will inevitably lead to difficulties as the briefing progresses. The client must have a clear understanding of the motives behind the desire to build, the available resources, and the alternatives to proceeding with the project.

3.2.3.4 The management function
The client needs to establish the requisite management function to interact with the design team, not only for the formulation of the brief, but during the procurement process as a whole. Such a management function includes the allocation of clear lines of responsibility (with the concomitant authority and accountability), the co-ordinated compilation of all relevant information regarding the brief for presentation to the design team, and the establishment of clear and recognised channels of communication between the client organisation and the design team.

3.2.3.5 Procurement procedures
According to Goodacre et al. (1982), clients lack positive advice on the various procurement options available to them, and assistance in the selection of the procurement method most appropriate to their needs. The selection of a method of procurement is fundamental, as it impacts on practically every facet of the procurement process thereafter. This weakness is particularly true in the case of inexperienced and moderately experienced clients.

3.2.4 Stages of the brief
Ferry and Brandon (1991) contend that all building takes place in response to the recognition of a need or opportunity. In other words, design is seen as commencing at the point of recognition. Whether or not the design proceeds to fruition will depend upon a series of subsequent, interrelated factors and decisions.

The process by which the client's aspirations are transformed into a message, the brief, through which the design team can act, is extremely complex. A comprehensive account of briefing methodologies is given by Brigden (1984) and Salisbury (1990). The traditional view of a `static' brief is increasingly being challenged as it fails to recognise the complex interactions and iterative procedures usually involved in the early stages of briefing and designing.

3.2.4.1 The traditional view of the brief
The `Plan of Work' (I.S.A.A., 1989) continues to reinforce the traditional view that designing can only commence once the brief is definitively formulated.

Seeley (1983) describes how the initial brief for the project must be a broad and flexible statement of objectives in fairly abstract terms, defining such matters as the site, building type, space requirements and approximate total budget. The next stage is seen as a consideration of external factors such as physical limitations of the building, vehicular access and restrictions by planning authorities. It is desirable for the brief to be drafted on the basis of a questionnaire prepared by the entire design team (Seeley, 1983). Interestingly, the procedural `Plan of Work' (I.S.A.A., 1989) sees the quantity surveyor's involvement commencing right at the end of the inception stage when the architect presents the formulated brief to the rest of the design team, thus effectively eliminating the quantity surveyor's involvement in the preparation of the brief. Clearly, such a situation would not be desirable from a communication point of view, nor for the provision of price advice.

3.2.4.2 A cyclic view of the brief
Goodacre et al. (1982) advocate the view of a cyclical briefing process comprising the following procedures:

: the scope and nature of client needs are decided by the client at the outset of the project,

: the client, in conjunction with the architect, formulates a preliminary brief, and,

: the preliminary brief is then developed, in an evolutionary manner, throughout the design

  phase, by the client in conjunction with the architect and design team.

Thus, the client (assisted by the architect) examines all relevant needs and formulates a set of objectives i.e., prepares a preliminary brief. This preliminary brief is resolved into a proposed solution, which is then considered by the client resulting in either a change in the design or a change in requirements, or both (compromise), until a solution is produced which satisfactorily serves the client's needs. The outcome is then adopted as the final design. Being a cyclical process, this methodology requires iterative inputs to, and evaluation of, the proposed design as it progresses towards its final form. It is unclear at what stage the quantity surveyor is intended to become actively involved. The stage at which quantity surveyors become involved in practice is dealt with in Chapter 5.

3.2.5 Assessment
Jenks (1975) confirms that there appears to be a distinct polarisation of ideas on briefing. On the one hand the `Plan of Work' postulates a client-orientated brief with decisions fixed at an early stage of design; on the other hand, there exists the view of a process that is cyclical, covering the whole design process and requiring the application of sophisticated management skills. Goodacre et al. (1982) hypothesise that, in reality, the nature of the brief may lie somewhere between these disparate positions. 

It is clear that the process of brief formulation is complex and portrayed too simplistically by the traditional, linear model embodied in the `Plan of Work'. The design team must be aware of the importance of active client participation in the design process in general, and the briefing process in particular. Clients need to communicate all pertinent information and needs as clearly as possible. The traditional model of brief formulation should be adopted with caution, cognisance being taken of the likely cyclical nature of this stage of the design process. The problems associated with developing the brief should be handled proactively, the emphasis being on active participation by the client. 

Finally, the exclusion of the quantity surveyor from the process of formulating the brief is to be discouraged. Such a situation is unlikely to facilitate the provision of meaningful design-to-price advice given that the majority of price-significant decisions are taken prior to the development of sketch plans (Kelly, 1982).

The purpose of this discussion has been to introduce the nature of, and problems associated with, the preparation of the client's brief for the design team. This, together with the overview of the design process presented in the following section, will facilitate an understanding of the function of price planning and control in general, and price modelling and price forecasting in particular.

3.3 The design process
3.3.1 The nature of design
There are many definitions of design. The Concise Oxford Dictionary refers to design as `preliminary sketch for picture, plan of building, etc.; established form of a product; general idea, construction from parts'. Atkin (1988), quoting the Shorter Oxford English Dictionary, refers to design as `the combination of details which go to make up a work of art; the preliminary conception of an idea that is to be carried out to effect by action; a plan or scheme conceived in the mind or something to be done; the plan of a building, or part of it'.  A survey by Suckle (1980) produced ten different descriptions of the design process. This highlighted the most important of the personal concerns felt by designers, but failed to explore the underlying general concepts of design. The many different definitions of design (given by designers themselves) must surely be indicative of the complexity of the issues involved (Raftery, 1984). Examples of some of the competing definitions of design include

: A mixture of rational and intuitive techniques (Archer, 1970).

: A means of resolving a conflict which exists between logical analysis and creative thought

  (Broadbent, 1988).

: A rational means of making the built environment meaningful (Abel, 1979).

: An activity that implies the complete or partial satisfaction of an explicit proposal, and includes

  collecting and formulating heuristics which articulate knowledge about design decisions and their

  relationship to a goal state (Mackenzie and Gero, 1987). 

The issue is further complicated by the variety of terminology used to refer to the design process. Such terminology includes design, the design process, design method and the design problem. Newton (1983) attempted to clarify the nomenclature associated with the discipline of design, postulating that: design activity could be thought of as the global term for all design actions; design process as the framework within which design decision-making is made; design method a particular method selected at certain instances during the design process to facilitate the solution to the design problem; and design problem as the context of the design i.e., its objectives, constraints, etc. For the purposes of this research, however, the term `design process' has been adopted as it may be thought of as a continuous process encompassing all activities associated with design decision-making.

3.3.2 The process of design
The purpose of this section is to introduce a number of different conceptual interpretations of the design process to illustrate the many competing ways of viewing this complex mixture of logical analysis and creativity. The treatment here is not exhaustive. A comprehensive description is provided by Broadbent (1988).

Clearly the nature of the design problem is of relevance to the process of design. Rowe (1987), cited by Pabon (1988), reports the existence of three main types of design problems (a typology of design problems): well-defined problems; ill-defined problems; and wicked problems. The first category possesses prescribed or apparent ends that reduce the solution to a problem to a provision of the appropriate means to reach these apparent goals. According to Rittel (1972), such problems are exhaustively formulated and can be solved without additional information.

In ill-defined problems, both the ends and the means of a solution to a problem are unknown at the beginning of an activity. A client has an idea of what is required, but very often this idea is not defined clearly. Hence, a large portion of the design effort is spent attempting to clarify and define the problem. Most architectural design problems fall within this category (Pabon, 1988). Wicked problems form the last category of design problems, and constitute a subset of ill-defined problems. Their characteristics include: continuous reformulation; no unique solution; no `stopping rule'; and plausible alternative solutions.

3.3.2.1 Design and the scientific method
According to Wittgenstein (1953) and Russell (1956), truth in the world results only from formalised, provable doctrines (the doctrine of logical positivism). A recurring theme in design theory has been the desire to relate design method and the scientific method (Cross et al., 1981), the faith of the design scientists being founded on the work of Simon (1969). These philosophical roots were realised by Hillier et al. (1972), who proposed a significant reorientation of design to bring it more into line with some of the more recent philosophy of scientific method.

A conjecture and refutation model (after Popper, 1963) of design method was proposed in lieu of the analysis-synthesis model. This led to the development of the third generation of design method, one adopting a Popperian viewpoint (Broadbent, 1979). First generation models (Alexander, 1964; Asimow, 1962) were characterised by a heavy reliance on formal mathematical methods and the requirement to over-simplify a particular sub-system within the overall design problem, with little attention being paid to the formulation of broad design objectives. Second generation models had their bases in psycho-logical theory, the emphasis being on user participation in design (Johnson, 1979).

Ferry and Brandon (1991) found it useful to compare the design process with the traditional approach of scientific method depicted in Fig. 3.2. In terms of a design process founded on the scientific method, the client's brief is observed and some inference obtained. A hypothesis is constructed in the form of a model (e.g., a drawing) and this is tested by evaluation to see if it `works'. An examination is made to see whether it complies with the interpretation of the brief. If it does, the design is accepted.

Ferry and Brandon (1991) point out the practicalities attendant upon the adoption of such an interpretation of the design process. Clearly, it is not feasible for the design team to `loop' back up the flow diagram, producing new hypotheses (designs) ad infinitum. As Newton (1983) contends, the design team is obliged to operate within the constraints of time and affordability, and a design solution must be produced within a stipulated time period. In other words, the application of the scientific method in its pure sense is tempered with compromise occasioned by pragmatism - producing a design satisfying as many of the demands of the brief as possible in the time available.


Fig. 3.2 Flow diagram of the traditional scientific method (Ferry and Brandon, 1991)

The adoption of a Popperian approach to design method was not without its critics. March (1976) goes so far as to contend that the philosophy of Popper has had some influence in design theory, but suggests that `in the main its influence has been pernicious'. In support of his criticisms, March (1976) reiterates that Popper is opposed to the idea of inductive logic operating in scientific method, but that in design method the chief mode of reasoning is inductive, that is to say synthetic rather than analytic. 

Cross et al. (1981) state that attempts to equate `design' and `science' must logically be predicated upon a concept of science that is epistemologically coherent. This, they contend, is not possible given the lack of cohesion as to philosophy of science.

Cross (1982), in contrasting the sciences, the humanities, and design, finds that: science studies the natural world while design studies the man-made world; science uses methods of controlled experiment, classification and analysis, while design uses modelling, pattern formation and synthesis; and, finally, the values of science are objectivity, rationality, neutrality and a concern for truth, whereas the values of design are practicality, ingenuity, empathy, and a concern for appropriateness.

Within the context of design, strict adherence to `traditional' scientific research has, according to Jones (1973), provided little design theory of acceptability to design practitioners. Indeed, some writers (e.g., Cross et al., 1981) contend that a `technological', as an alternative to a scientific, view of design is a more reasonable proposition.

Despite the differences between science and design, they are intimately intertwined. Scientific knowledge is a part of the fabric with which designers design (Willem, 1990). In addition to the interaction of creativity, technology and science in design, a fourth ingredient, design problem information, plays an important role. Design problem information is the information which the designer has about the problem and which guides him or her (Willem, 1988); it provides focus and direction to the designing activity. It is in this respect that price forecasts are considered to be of relevance to design.

3.3.2.2 Design as a problem-solving process
According to Oxman and Gero (1987), design can be interpreted in a state-space representation as an initial state which is transformed, using expert knowledge, into a series of solution states. Within this conceptual framework, problem-solving can be seen as a process of searching through alternative solution states which satisfy certain goals. 

Designers utilise their past experience in many ways, with experienced designers being able to solve complex problems through cognitive processes which appear to economise search and adaptation by the characterisation of the design problems (Willem, 1988), problem abstraction and generalisation (Akin, 1986). It is likely that among these cognitive processes are the typification and generalisation of design experience, with the generalisation of knowledge contributing to a hierarchical structure of levels of knowledge.

Generalisation may be thought of as a process of accessing and classifying prior knowledge by abstracting the specifics of a newly encountered situation, in order to match with prior knowledge and experience. Oxman (1990) considers that one such form of generalisation in design is the ability to typify situations, constraints and goals during the early, conceptual stages of design. In other words, the designer typifies the design problem in order to fit it to the closest solution-type in memory i.e., a constrained solution space.

The problem-solving view of design owes much to the Gestalt school of psychology, in terms of which the problem-solving process is characterised by three features: a period of `incubation' where much of the time is spent assimilating information; a `Gestalt switch' when, at some particular time, everything falls into place; and mental rigidity which stifles originality. Current thinking has, however, reduced the importance of this approach (Chapman and Jones, 1981). 

March and Simon (1958) describe a process in which general goals lead to specific sub-goals, and how any decomposition of a complex system offers the possibility of sub-optimisation to the extent that it may be regarded as a normal consequence of the division of intellectual labour. Little (1990) warns that the dangers inherent in sub-division (i.e., sub-optimisation) may only be revealed by an attempt to re-assemble the individual parts. Little (1990) contends that the problems of design can only be satisfactorily resolved at the level of the project as a whole.  

Dreyfus and Dreyfus (1986) emphasise the predominance of quantitative methods in much current management and decision theory. They argue that such `calculative rationality' is likely to degrade expert performance by focusing on quantitative criteria at the expense of experimentally-based qualitative reasoning.

3.3.2.3 A cybernetic view of design
Amkreutz (1976) developed an interpretation of design using cybernetic concepts as a meta-language, defining cybernetics as `the theory of information processing systems'. As such, an information processing system deals with the input, transformation and output of that information. The basic tenet here is that, since a design is produced by the processing of information, the design process can be seen as an information processing system and hence can be analysed in terms of information theory.

This interpretation of the design process is depicted in Fig. 3.3, showing the design process to be represented by `P' which generates the output information `O(p)' (the resultant design) from the input information, `I(p)'. The input information contains all relevant details regarding requirements, goals and materials. Clearly, the generation of design alternatives is only possible by a variation in the input information.


Fig. 3.3 A simple cybernetic interpretation of design (Amkreutz, 1976)

Because `O(p)' is the ultimate design, verification against constraints and objective criteria should be done inside `P'. Coupling this variation on input information with the verification of the output results in a feedback mechanism within `P'. This refinement is depicted in Fig. 3.4, where `G' represents the generation function (generating a specific design from specific inputs) and `F' the feedback function which evaluates the generated design and regulates the information flow. In other words, `F' controls the process `G', and constitutes a control system.


Fig. 3.4  The design process as a control system (Amkreutz, 1976)

If `G' is analysed in terms of the various disciplines or factors contributing to a particular aspect of the design, then an information processing system is applicable for every aspect, resulting in the function consisting of a number of coupled information processing systems. This means that each information processing system is controlled by its own feedback function. This is portrayed in Fig. 3.5.


Fig. 3.5 Coupled control systems in the design process (Amkreutz, 1976)

Constraints and objective criteria change during the design process. At an early design stage only a rough sketch plan will be generated within the system on the basis of the available input information. The design will be continuously refined during the design process, until an acceptable design `emerges'. Hence the design process may be regarded as a learning process for the designer, the learning effect being achieved by the feedback mechanism. Amkreutz (1976) extended this interpretation to include evaluation, decision and regulation functions.

An analogous situation (adapted form Newton, 1983) to a cybernetic model of the design process is the thermostat in a refrigerator. The temperature in the refrigerator is monitored and evaluated in terms of the maximum and minimum allowed (relating to the desired temperature setting). Depending on the temperature reading, a decision is made to activate or deactivate the cooling mechanism (decision function). The cooling mechanism will then either reduce the temperature or allow it to rise further (regulation function).

The design process is represented as a goal-directed system that aims at equilibrium (the production of output information which approaches given goals as closely as possible). Thus, the design process is seen as an `optimising' process.

Amkreutz (1976) concludes that, in terms of a cybernetic model of design, the development of a design is not achieved by proceeding through a number of sequential stages, as preparation of design information, problem analysis, preliminary design and detailed design are integrated parts of the same process.

3.3.2.4 Assessment
The discussion in this section has not produced a definitive description of the design process. Rather, it has served to illustrate the great variability in interpretations of the design process. In the absence of a clear definition of design, or understanding of the process of design, it is difficult to define the price information requirements of design. This, in turn, renders it difficult to formulate an integrated set of criteria by which to evaluate different price models. Qualitative criteria are, of course, more problematic to formulate than quantitative criteria.

If, as Bijl (1984) suggests, design does happen (can only happen) in the minds of people, then a theory of design must be sensitive to how designers perceive things i.e., they are constrained by the model of design theory held by the individual. This explanation would go some way towards justifying the `great' designers.

3.3.3 Models of the design process
In the previous section a number of conceptual interpretations of the design process were presented. In this section various models of the design process are introduced. The intention is to provide a basis for demonstrating the import that design has for price modelling and price forecasting. Pabon (1988) provides a comprehensive summary of models of the design process, and his work is drawn upon here.

Few designers will approach the design process in the same way. Thus, descriptions of the design process which have endured over time have tended to be at a procedural rather than at a detailed level. Examples of such procedural models include the models developed by Asimow (1962), Archer (1969), Jones (1970), Maver (1970), Bleakley and Chilton (1974), Love (1980), Puyana (1982) and Dieter (1983), as well as the more commercially known procedural guide produced by the Royal Institute of British Architects (R.I.B.A., 1980). A selection of these models are discussed here, as they serve to illustrate the movement of design from the general to the specific, from the client's brief to the detailed design solution. Furthermore, a discussion of these models will facilitate, in Section 3.4 of this chapter, an appreciation of the role of price modelling and price forecasting in the design process.

3.3.3.1 Asimow's model of the design process
Asimow (1962) proposed a model of the design process that distinguishes two basic dimensions of the design process within a host environment: a decision-making cycle passing through stages of analysis, synthesis, evaluation and communication, forming a horizontal dimension that is repeated at different levels of the process; and a vertical dimension involving sequential phases moving from the abstract to the specific. This model is depicted in Fig. 3.6.


Fig. 3.6 Asimow's model of the design process (Asimow, 1962)

3.3.3.2 Archer's model of the design process
Archer (1969) proposed the sequential, operational model shown in Fig. 3.7. Three phases (analytical, creative and executive) are contained in this model. The stages of the process are made less discrete by the incorporation of feedback loops. The programming and data collection stages are reliant on observation, measurement and inductive reasoning. Analysis and synthesis follow, with an emphasis on evaluation, judgement, deductive reasoning and decision. Finally, development and communication involve description, translation and transmission of the results.


Fig. 3.7 Archer's model of the design process (Archer, 1969)

3.3.3.3 Jones' systematic model of the design process
Jones (1970), in an attempt to overcome the shortcomings of the solution by decomposition (using a tree-like hierarchy of sub-sets) method advocated by Alexander (1964), proposed a systematic approach to the design process in terms of which the design process is seen as consisting of three stages: the analysis stage; the synthesis stage; and the evaluation stage. These stages were sub-divided as follows (Raftery, 1991):

: Analysis
- random array of factors

- classification of factors

- sources of information

- interactions between factors

- performance specifications

- obtaining agreement

: Synthesis
- creative thinking

- partial solution

- limits

- combined solutions

- solution plotting

: Evaluation
- methods of evaluation

- evaluation for operation.

The analysis stage is a divergent process where the problem is explored and all the relevant factors listed. This classification procedure assists in the definition and organisation of the problem(s) to be solved. The synthesis stage is one of convergence, the aim not being to find a single solution, but rather at establishing a range of solutions and clarifying the points where they fit or do not fit the specification. Evaluation refers to any method used to detect deficiencies in the solution(s).

Jones' (1970) method does present a mechanistic representation of the process of design, but the contribution made by this method is that it concentrates on what has become known as the `analysis, synthesis, appraisal loop'. Having said this, at no time did Jones (1970) afford formal recognition to the iterative nature of the design process.

This `loop', proposed by the Building Performance Research Unit of Strathclyde University (Markus, 1967) and later developed by Maver (1970, 1977), is one of the few interpretations of design upon which many writers agree (Raftery, 1991).

3.3.3.4 Maver's `analysis, synthesis, appraisal and decision loop' model
This model of design activity, depicted in Fig. 3.8, comprises two dimensions, namely, a design morphology comprising sequential stages from the strategic and general to the tactical and particular, and a design process comprising iterative cycles between the steps of analysis, synthesis and appraisal.


Fig. 3.8 Maver's model of the design process (Maver, 1970)

3.3.3.5 Hickling's model of the design process
Hickling (1982) views design as a decision-making process in which, after a period of observation or briefing, design progresses through four stages: analysis (what is the problem?); generation or synthesis (what are the alternative solutions?); comparison (what are their differences?); and choice (what is the decision?). Clearly, the output of one stage serves as the input to the next stage. This model is depicted in Fig. 3.9.
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Fig. 3.9 Hickling's model of the design process (Hickling, 1982)

This model is characterised by a cyclic whirling process, allowing for lateral thinking, creative insights, and for skipping forward, backward, or even across the different stages of the process. The designer, in the event of reaching an impásse at a certain stage of the process, is able to move to a different part.

3.3.3.6 Puyana's model of the design process 


Fig. 3.10 Puyana's model of the design process (Puyana, 1982)

The model of the design process developed by Puyana (1982) consists of four basic phases. These phases are: establishing the basic decisions for the project (i.e, project objectives and project team); developing the preliminary design (preliminary studies, design parameters and conceptual design); design development (architectural, structural and technical schematic and detailed designs, which include drawings, specification and details); and arranging the tender.

More specifically, the design process (seemingly sequential but actually cyclic and iterative) commences at the pre-design stage, which includes all the preliminary work prior to design: defining what the project is about (project scope and objectives); defining who is involved in the project; and establishing how the project is going to be undertaken. The basic information phase follows the pre-design phase, generating a problem statement that serves as the initial point for subsequent design activities that produce different design solutions at increasing levels of detail. Outputs to each phase are distinct, and serve as the inputs to the following phase. In the transition from one phase to the next, the principle process at each level remains in a loop of variable duration - the duration depending on the complexity of the project. This system allows for the successive analysis, generation, evaluation and selection of alternatives. Feedback loops permit the return to previous stages for the purpose of re-evaluating decisions. Fig 3.10 depicts this process.

The first three activities after the pre-design phase may collectively be termed the preliminary design phase. This produces the preliminary solution that will be developed during the design development and documentation phases.

In conclusion, the models of the design process presented above reflect attempts at describing the design process in terms of phases and the inter-relationships between those phases. Whilst providing, at a conceptual level, an understanding of the nature of design, these models are in insufficient detail to merit practical adoption. To this end, various architectural organisations (e.g., the American Institute of Architects, the Royal Institute of British Architects and the Institute of South African Architects) have developed procedural guides for use in the building procurement process.

3.3.3.7 The I.S.A.A. `Plan of Work' model
The Institute of South African Architects has published a procedural guide (I.S.A.A., 1989) for clients, architects and other professionals. This procedural guide, termed `Procap' and modelled on a similar plan of work initially produced in 1964 by the Royal Institute of British Architects (R.I.B.A., 1980), describes the nature of the tasks to be performed by, and responsibilities of, the various parties during the building procurement process. A flow diagram of the I.S.A.A. `Plan of Work' is given in Fig. 3.11, whilst the R.I.B.A. `Plan of Work' is reflected in Table 3.1.


Fig. 3.11 Flow diagram of the I.S.A.A. `Plan of Work' model (I.S.A.A., 1989)

Table 3.1 R.I.B.A. `Plan of Work' model (adapted from R.I.B.A., 1980)

Stage
Purpose of work and decisions to be reached
Tasks to be done
People directly involved
Usual terminology

A. Inception
To prepare general outline of the requirements and plan future action.
Set up client organisation for briefing. Consider requirements, appoint architect.
All client interests, architect.
Briefing

B. Feasibility
To provide the client with an appraisal and recommendation in order that he or she may determine the form in which the project is to proceed, ensuring that it is viable, functionally, technically and financially.
Carry out studies of user requirements, site conditions, planning, design, and price, etc., as necessary to reach decisions.
Client's representatives, architect, engineers, and quantity surveyor according to nature of project.


C. Outline

    proposals
To determine general approach to layout, design and construction in order to obtain authoritative approval of the client on the outline proposals and accompanying report.
Develop the brief further. Carry out studies on user requirements, technical problems, planning, design and prices, as necessary to reach decisions.
All client interests, architect, engineers, quantity surveyor and specialists as required.
Sketch plans

D. Scheme

    design
To complete the brief and decide on particular proposals, including planning arrangement, appearance, constructional method, outline specification, and price, and to obtain all approvals.
Final development of the brief, full design of the project by architect, preliminary design by engineers, preparation of price plan and full explanatory report. Submission of proposals for all approvals.
All client interests, architect, engineers, quantity surveyor and specialists and all statutory and other approving authorities.


Brief should not be modified after this point.

E. Detail design
To obtain final decision on every matter related to the design, specification, construction and price.
Full design of every part and component of the building by collaboration of all concerned. Complete price checking of designs.
Architect, quantity surveyor, engineers and specialists, contractor (if appointed).
Working drawings

Any further change in location, size, shape, or price after this time will result in abortive work.

F. Production

    information
To prepare production information and make final detailed decisions to carry out work.
Preparation of final production information i.e., drawings, schedules and specifications.
Architect, engineers and specialists, contractor (if appointed).
Working drawings

G. Bills of

    quantities
To  prepare and complete all information and arrangements for obtaining tenders.
Preparation of bills of quantities and tender documents.
Architect, quantity surveyor, contractor (if appointed).


H. Tender action
Action as recommended in NJCC Code of Procedure for Selective Tendering 1972.
Action as recommended in NJCC Code of Procedure for Selective Tendering 1972.

Architect, quantity surveyor, engineers, contractor, client.


J. Project

    planning
To enable the contractor to programme the work in accordance with contract conditions; brief site inspectorate; and make arrangements to commence work on site.
Action in accordance with The Management of Building Contracts.
Contractor, sub-contractors.
Site operations

K. Operations

    on site
To follow plans through to practical completion of the building.
Action in accordance with The Management of Building Contracts.
Architect, engineers, contractors, sub-contractors, quantity surveyor, client.


L. Completion
To hand over the building to the client for occupation, remedy any defects, settle the final account, and complete all work in accordance with the contract.
Action in accordance with The Management of Building Contracts.
Architect, engineers, contractor, quantity surveyor, client.


M. Feed-back
To analyse the management, construction and performance of the project.
Analysis of job records, inspection of completed building and studies of building in use.
Architect, engineers, quantity surveyor, contractor, client.


Examination of Fig. 3.11 and Table 3.1 reveals extensive similarity between the I.S.A.A. `Plan of Work' and the R.I.B.A. counterpart, the main difference lying in the use of disparate terminology. The terminology used in the R.I.B.A. model is probably in more widespread use in South Africa than that of the I.S.A.A. model, given the extensive use in South Africa of British texts on design and price planning and control.

However, as this thesis is primarily concerned with price modelling and price forecasting within the South African context, it has been decided to adopt the I.S.A.A. (1989) model. To obtain a clearer understanding of the terminological differences between the two models, and to facilitate the citation of reference material drawn from British sources, a comparison of the main differences in terminology is presented in Table 3.2. It should be noted that, terminological differences aside, the tasks to be performed within the various stages are practically identical despite the greater degree of detail exhibited by the R.I.B.A. model.

Table 3.2 A comparison of the terminological differences between the `Plans of Work' produced by the I.S.A.A. (1989) and R.I.B.A. (1980)

Stage
I.S.A.A. Terminology
Stage
R.I.B.A. Terminological Equivalent

0.
Inception
A.
Inception

1.
Appraisal and definition of project
B.
Feasibility

2.
Design concept
C.

D.
Outline proposals

Scheme design

3.
Design development
E.
Detail design

4.
Documentation and approvals
F.

G.

H.
Production information

Bills of quantities

Tender action

5.
Contract administration and approvals
J.

K.

L.
Project planning

Operations on site

Completion

6.
Debriefing
M.
Feedback

A detailed examination, from a price planning and control point of view, of the `Plan of Work' will be provided in Section 3.4, when the (theoretical) relationship between the design function and the price forecasting function is examined. For the purpose of relating the `Plan of Work' to the various price forecasting activities undertaken by quantity surveyors during the pre-contract (design) phase of projects, and in keeping with the convention adopted by the R.I.B.A., the inception and appraisal stages constitute the `briefing' stage, the design concept stage the `sketch plans' stage, the design development and tender documentation stages the `working drawings' stage, and the contract administration and debriefing stages the `site operations' stage.

The `Plan of Work' has the major fault of ignoring the iterative nature of design, viewing the design process as a sequence of well-defined activities. Thus, a return from a later stage to an earlier stage is perceived as a failure of the management of the design process.

3.3.3.8 Assessment
In practical design problems, a linear design process is clearly untenable - design cannot simply be represented as a predetermined succession of procedures with clear commencement and termination points before which no interest in a particular goal exists, and after which no development is possible (Gero, 1978). Lawson (1980) maintains that the ill-defined nature of many design problems often necessitates much back-tracking and circularity in appraisal, and that feedback is required between stages. This characteristic is a feature of most current models of the design process.

3.3.4 The relationship between building design and price modelling
MacKenzie and Gero (1987) and Rosenman (1990) provide a useful means for illustrating the conceptual relationship between design and price modelling. Design may be perceived as an activity that implies the complete or partial satisfaction of a proposal, and is characterised by decisions which generate solutions that are best `in some sense'. A design attempts to satisfy a goal state through a solution which exhibits the most desirable characteristics achievable measured against all the criteria by which the goal state is judged. The inability to achieve total satisfaction in terms of all design objectives implies compromise.

A design possesses attributes other than those which serve to describe its state representation. For example, a building may be described in state space in terms of its physical properties, for example: the roof; walls; internal layout; material composition; and dimensions. The medium for representation may be production drawings, bills of quantities, etc. By the very nature of its existence, a building possesses other attributes, performance attributes, such as aesthetics, functional aptness, economic aptness, quality, and total price. These attributes belong to the performance space (criteria space).

Given that the performances are consequences of the design decisions, it is possible to define a conceptual solution space between which a mapping exists. The mapping from state space to criteria space is achieved through the application of functions. Figure 3.12 depicts an example of a mapping from a two-dimensional state space to a two-dimensional performance or criteria space. In general, however, each space may have any number of dimensions.


Fig. 3.12 Functional mapping from state space to criteria space (adapted from Rosenman, 1990)

For example, the choice of a particular quality (state) of internal finishes will impact on the price (performance or criteria) of those finishes as well as on the rental that may be levied for the premises. Here the cost structure of the contractor, in the first instance, and the relationship between quality of finishes and market rentals will constitute the function in the functional mapping. Naturally, price is only one of the considerations to be borne in mind in the economics of building, the issue of price being inextricably linked to value (utility, worth, profit) and design (quantity, quality) (Ferry and Brandon, 1991). However, `price' is the principal focus of this research.

A given state description will produce a unique point in the performance space as each criterion can only have one value for a specific state description. According to Mackenzie and Gero (1987) and Rosenman (1990), the reverse is not true. In other words, a given point in the performance space will not be associated with a unique point in the state space - abductive reasoning is said not to hold true. Whilst this is acknowledged in principle, it is contended here that some sort of abductive relationship does exist. For example, the price of internal finishes does not completely describe (abductively by virtue of a reverse mapping) the exact choice of internal finishes, but it does provide some idea of the range of internal finishes that would be likely to generate that sort of price. Similarly, once it has been established that the type of building under consideration is (say) an office block in the central business district, a price limit of a certain amount has definite implications for the size of building, quality of finishes, nature of services, etc. Indeed, this notion forms a basic tenet of the price planning of buildings (Nisbet, 1961). Clearly, then, it is important that price modelling be able to assist in the choice of the initial state space.

Once the values of the performance attributes are derived (by whatever means), they may be compared with known values of acceptable or desired performance values. If the performance is not acceptable in terms of the evaluation criteria, then certain parameters (variables in the state space) of the design must be modified and the procedure repeated. This cyclical form of evaluation is essentially similar to that proposed by Maver (1970), and is represented in Fig 3.13.


Fig. 3.13 The analysis and evaluation cycle (Rosenman, 1990) 

In the above representation of design evaluation, optimisation is restricted to the application of Pareto optimality. Pareto optimality refers to the situation where, in terms of a set of performance criteria, no other feasible solution exists which yields an improvement in one performance criterion without a concomitant decrease in at least one other performance criterion. Such principles have been employed in design-related fields (Gero, 1985). The shaded portion of Fig. 3.12 illustrates the concept of Pareto optimality.

Given that price is one of the performance states by which a design is evaluated (in terms of desired goal states), price modelling and price forecasting provide the means of establishing the `value' of that performance state factor resulting from a certain combination of state space variables. More specifically, price modelling and price forecasting provide a vehicle for quantifying the transformation from state space to performance space. In addition, price modelling and price forecasting provide the means (abductively) of assessing, in a proactive manner, the range of space state `values' that can possibly give rise to certain performance (price) `values'. In essence, what is described above constitutes the basis of effective price planning and control.

3.3.5. Assessment
The inability to define the design problem clearly in absolute terms is important (Newton, 1983). In theory there can never be a definitive formulation of the design problem because it is always possible to consider it at a more detailed level. A design solution cannot be deemed correct or false in absolute terms, only as better or worse on some personal value scale (Archer, 1969). In practice, the design process is terminated either when it no longer seems worth pursuing marginal benefits or when limiting factors such as time, information or finance are depleted (Newton, 1983).

In the absence of a clear definition of design, or understanding of the process of design, it is difficult to define the price information requirements of design. This, in turn, creates difficulties in the formulation of a set of criteria by which to evaluate different price models.

In conclusion, however, the dominant characteristics of building design (adapted from Raftery, 1991) may be listed as follows:

: The design objectives are likely to be multi-variable.

: Building design is very complex, possessing a large solution space.

: The design problem to be solved is likely to be ill-defined in the sense of possessing boundaries

  that lack clear definition.

: The interdependency between design decisions results in the process of design being hierarchical

  and iterative.

: Design is personal in that the process varies from person to person, and the `solution' depends

  on the techniques used.

The nature of design dictates that price forecasting targets the servicing or `informing' of the design activity. Moreover, price modelling is seen as providing the means of quantifying the transformation of a design (state space) into price (performance space). Price modelling and price forecasting seek to change the way in which designers think about and approach design problems (Newton, 1987) so as to involve price considerations as an integral part of the models in designers' heads. In other words, design should be the point of departure in the provision of price advice.

In this section an overview of the nature of design has been presented in order to facilitate an assessment of the implications that design have for price forecasting in respect of the provision of design-to-price advice. In the next section, the current theory of price planning and control will be examined, together with its relationship to building design.

3.4 Current theory of price planning and price control
The objective of this section is to examine the current theory of price planning and price control of buildings and its relationship to the design process. More specifically, the need for, and objectives of, price planning and control of building projects will be discussed, and the current theory of price planning and price control (within the context of design) examined. The practice (as opposed to the theory) of price planning and price control of buildings in South Africa will be presented in Chapter 5.

3.4.1 The need for, and objectives of, price planning and price control of buildings
The historical development of price planning and control of buildings (as performed by the profession of quantity surveying) is rooted in the United Kingdom. Grafton (1966), cited by Seeley (1983), has described how price planning, as presently constituted, is the logical extension of a process which has continued since the days of the eighteenth-century measurers who were employed to measure and `value' the work after it was both designed and executed. The introduction of competitive tendering saw the need for, and development of, premeasuring skills, namely, the ability to measure quantities of builders' work from drawings, prior to construction, in order to provide a rational basis for competition. The next development saw the introduction of approximate price forecasting techniques for predicting the likely price early in the design process, and sometimes before design had commenced.

The Ministry of Public Building and Works (M.P.B.W.) (1968), now part of the Department of the Environment, in the United Kingdom and Seeley (1983) maintained that pressures from five main sources combined to stress the importance of effectively controlling building prices:

: Greater urgency for the completion of projects resulted in insufficient time for the redesign of

  buildings upon the receipt of excessively high tenders.

: Clients' needs became more complicated, resulting in an increase in the technical complexity of

  buildings, thus exacerbating the problem of price control.

: Client bodies became larger and more sophisticated with respect to their own financial evaluation

  and management techniques, impacting on their price forecasting and price control requirements.

: The advent of new construction techniques and materials rendered the provision of price advice

  more difficult.

: Rising prices, restrictions on the use of capital (public sector) and high interest rates each

  exacted unique influences on the economics of building.

The 1950's saw the realisation that the means of price forecasting hitherto used for considering the price implications of design decisions were unsuitable in terms of the changes that were taking place within the industry. Attention began to focus on the techniques of price planning and control as a possible solution.

In South Africa, the need for the price planning and control of buildings is no less pressing than in the United Kingdom. Kilian (1976), in a comprehensive analysis of the characteristics of the building and construction industry and its role within a macro-economic context of the South African economy, presented an analysis of the economic importance of the construction industry. Dealing with the period 1946 to 1973, Kilian (1976) found that the building and construction industry

: accounted for some 5% of gross domestic product. In terms of growth, the industry was

  surpassed only by the manufacturing industry,

: accounted for some 55% of gross domestic fixed investment,

: employed approximately 7-10% of the economically active workforce, and,

: the public sector was the single, largest client of the construction industry, accounting for some

  55% of total effective demand.

More recent statistics (South African Reserve Bank, 1991), dealing with the period 1983 to 1990, indicate that of the 1990 total gross domestic product (at 1985 constant prices), construction accounted for some 4%. The construction industry's share of gross domestic fixed investment for 1990 was 48%. The public sector accounted for 45% of construction gross domestic fixed investment. Employment in construction accounted for 7% of the economically active population (in the non-agricultural sectors). These statistics, if anything, understate the economic importance of the building and construction industry, as this sector appears to be the most adversely affected by the current recession.

The importance of adequate resource planning in an economic context is stressed by Hillebrandt and Meikle (1985), especially given the economic importance of the building industry. The importance of the price planning and control of buildings in a micro-economic context in South Africa has been illustrated by Norval (1990). Norval, in an empirical analysis of the significance of the price of the building per se compared the total (capital) financial commitment, concluded that the summation of the development components, namely, land, building prices and professional fees, represents in excess of 80% of the total development price of the project, and that the building price per se amounted to between 60% and 68% of total development prices. It is this component that is most likely to determine the acceptance or rejection of the development proposal (Norval, 1990). The forecast price of the building should, therefore, represent the optimum combination of construction production resources within established financial constraints.

Ferry and Brandon (1991) warn against a preoccupation with building price alone, stating that the quantity surveyor should remember that the price of the building represents but one of a number of financial commitments associated with a project. The emphasis of this research on the initial price of buildings was justified in Chapter 1 but, in certain circumstances, decisions affecting the built environment are made on the basis of the consideration of a wide range of quantitative and qualitative issues. For example, in considering `social' developments, the technique of cost-benefit analysis is useful (Ruegg, 1984). Nevertheless, the objectives embodied in price planning and control are still deemed applicable. 

Having established the need for the price planning and control of buildings, and before presenting the current theory of price planning and control, it is necessary to consider the main aims or objectives which these new techniques were designed to achieve. These objectives are important in terms of evaluating the effectiveness of any price forecasting system within a price planning and control framework.

The Ministry of Public Building and Works (1968) and Seeley (1983) consider the main objectives of price planning and control to be to

: provide the client with `value for money'. This necessarily implies an economical, well constructed, aesthetically pleasing building well suited to perform the functions for which it was required,

: achieve a balanced and logical distribution of the available funds between the various parts of the building. Clearly, the money spent on each part of the building should be in proportion to the sums spent on the other parts, and be related to the type and class of building, and,

: restrict the total expenditure on the building to within the budget agreed to by the client. This aim necessarily implies: a satisfactory frame of price reference (forecast and price plan); methods for price checking; and suitable means for remedial action where necessary (price reconciliation). A consequence of this is the need for the initial price forecast, the tender sum and the final account all to be closely related. However, as this thesis is concerned primarily with the design (pre-tender) phase of the building procurement process, this stipulation is amended to reflect the necessity of the initial forecast being close to the tender figure.

Interestingly, Morrison (1983) points out that value for money is a function of a client's specific requirements. For example, a building commissioned to depict a prestigious landmark in a city may represent good value for money to the client in terms of tenant attractiveness, but be a less than price-effective design.

One of the primary objectives of price planning and control, as stated above, is the attainment of value for money by the client. Value in this sense is distinct from the notion of value given in economic theory. Burt (1978) draws attention to the need for, and problems associated with, the incorporation of `operational efficiency', `design' and `fitness of purpose' in any assessment of value for money. Clearly, these three factors are all interrelated, and the major problem lies in their quantification. Only on the question of `design' does Burt (1978) conclude that value can be quantified, and then only in terms of design-to-price forecasts based on various design options. Consequently, for the purposes of this thesis, the interpretation of `value for money' excludes any consideration of operational efficiency and fitness of purpose, and is limited to the provision of a building possessing economy of construction and layout within the client's specific requirements. This limitation is in keeping with that imposed by Morrison (1983).

It is against this background of the perceived importance of the price planning and control function that the traditional theory of price planning and control of buildings is presented in the next section.

3.4.2 The concept of price planning and price control of buildings
The theory of traditional price planning and price control of buildings is well established, detailed treatments being presented by Nisbet (1961), the Ministry of Public Building and Works (M.P.B.W.) (1968), Bathurst and Butler (1973), R.I.C.S. (1976), Cartlidge and Mehrtens (1982), R.I.C.S. (1982), Ashworth (1983), Seeley (1983), Ashworth (1988) and Ferry and Brandon (1991). Morrison (1983) presents a comprehensive summary of the traditional theory of price planning and price control, the summary essentially being a précis of the relevant sections of the above texts, and his work is drawn upon here. Terminological adjustments are made, where applicable, to correspond with the Institute of South African Architects' `Plan of Work' (1989).

3.4.2.1 Price analysis - a historical and comparative perspective
Price analysis may be defined as the systematic decomposition of building price, on a predetermined basis, in order to create new data to facilitate the price forecasting and price planning and control of future projects.

The concept of project price analysis, based upon the notion of building elements, was initiated in the United Kingdom by the Ministry of Education (1951) as a means of facilitating the post facto price analysis of buildings. More specifically, the purpose was to provide the means of revealing the distribution of prices between the various elements of the building; to relate the price of an individual element to its importance in relation to the entire building; to facilitate the price comparison of the same elements in different buildings; to assist in the better distribution of prices between elements; and to facilitate the planning of other buildings.

As Morrison (1983) points out, the need for building elements arose out of the need to compare the cost of providing similar functions in different completed buildings and to use this same information to plan the prices of proposed projects. Clearly, the price analysis of buildings should not be seen as a solution to the problem of the price control of buildings, but rather as a necessary preliminary to it. It is for this reason, namely the control of the price of future projects, that the Ministry of Education (1951) introduced `cost planning' (sic).

The advent of price planning techniques and the need for a wide range of information relating to different types of projects, rendered inadequate the information typically to be found in individual quantity surveying practices, both in terms of scope and quantity. As a consequence, the Royal Institution of Chartered Surveyors established the Building Cost Information Service (B.C.I.S.) in 1962.  

The Building Cost Information Service of the Royal Institution of Chartered Surveyors, a subscription-based information service, produces price information based on the elemental format of `The Standard Form of Cost Analysis' (R.I.C.S., 1969). Information published by the B.C.I.S. is contained in a number of sections: general and background information; publications digest; cost (sic) studies and research and development papers; detailed cost (sic) analyses; concise cost (sic) analyses; and reference indexes.

Since 1984 the B.C.I.S. has operated a computer-based service accessible to subscribers through the utilisation of a micro-computer, modem and ordinary telephone system. At present the information available to on-line users of this system includes detailed and concise price analyses, tender price indices, cost indices, location factors, N.E.D.O. cost escalation formula indices, daywork rates, construction new order and output figures, average building prices, tender price studies, and the latest news on matters such as plant hire costs and wage awards. Manipulation of the data to produce individual price plans, forecasts and reports is possible by means of the approximate forecast, report generator and other supporting packages. Approximately fifty to one hundred new price analyses are added to the database each year.

A collaborative project between the Department of Architecture and Civic Design and the Department of Surveying at Portsmouth Polytechnic, England, resulted in a price data analysis programme to assist in the price planning and control of buildings (Brandon, 1985). The system, incorporating some four hundred and eighty analyses of buildings, was designed to facilitate the statistical analysis of price data and the formulation of price plans. The search routine is based on nine descriptive parameters: building type; number of storeys; gross floor area; tender date; regional index; contract period; updated contract sum; type of client; and market conditions. Thus, it is possible to search for comparable price data for application to a current project. The system yields histograms of the relevant data for total price, price per square metre of the building, or for each individual element. It is also possible to select different elements from different buildings, this process being repeated until the price plan for the current project is complete.

Ashworth (1988) and Ferry and Brandon (1991) provide a detailed account of price information available in the United Kingdom, the main sources being: the technical press (for example, journals such as The Architects' Journal, Building, Building Trades Journal, and Building Specification); builders' price books such as Laxton's Price Book and Spon's Architects and Builders Price Book; information services such as the Building Cost Information Service; government literature (for example, publications by the National Economic Development Office (N.E.D.O.) and the Property Services Agency of the Department of the Environment (e.g., the Schedule of Rates)); and that emanating from university and polytechnic research. A fairly recent development in this area has been the introduction of monthly publications similar to the annual price books.

In South Africa the `Guide to Elemental Cost Analysis' (A.S.A.Q.S., 1982) was introduced in 1969. Whilst originally modelled on the British version (R.I.C.S., 1969), the South African publication varied insofar as the constituent elements and components were concerned, and was an adaptation considered better suited to local conditions.

In response to a resolution passed at the 1977 Golden Jubilee Congress of the Association of South African Quantity Surveyors for the establishment of a Building Cost Information Service similar to that initiated by the Royal Institution of Chartered Surveyors in the United Kingdom, an updated, metricated version of the `Guide' (A.S.A.Q.S., 1982) was published in 1982. This updated version, coupled with the `Building Cost Index' published by the Bureau for Economic Research, University of Stellenbosch, and the `Contract Price Index for Buildings' published by the Central Statistical Services (formerly the Department of Statistics), was to form the basis of price information in South Africa. In addition, the intention was to institute the formal collection of elemental price data, analysed on the basis of the `Guide', for the production of an `Elemental Building Data' (E.B.D.) service.

The Elemental Building Data service, administered by the Department of Quantity Surveying at the University of Cape Town, was initiated in 1982 but was discontinued in 1984 due to lack of support on the part of the profession. Only two publications of elemental data were issued as part of this data collection effort.

It is clear that, insofar as elemental price data are concerned, quantity surveyors in South Africa are at a disadvantage compared with their British counterparts, nor is it likely that an elemental price information service will come to fruition in South Africa in the foreseeable future.

3.4.2.2 Price planning and control of buildings
(a) Historical and comparative perspectives
The objective, in presenting an account of the historical development of price planning and control, is to illustrate, by virtue of the developmental process, the conceptual development of the technique. This will facilitate the communication-based comparison between theory and practice presented in Chapter 7.

There are two basic text book methodologies of price planning and control currently available to the quantity surveyor. The first arose from the seminal work done by Nisbet (1961) in collating and documenting the research in the 1950's by the Royal Institute of British Architects and the Ministry of Education into the decision stages of the building procurement process and its relationship with price advice. This approach is termed elemental price planning, or `designing to a price'. According to Grafton (1966), the basic premise of this approach is that the client can set a price limit, and agree that this was to provide a certain quantity of accommodation. The architect was then required to design within the agreed price limit, although not necessarily producing the most economic building.

More specifically, once the total price is obtained by some method of approximate price forecasting, the total price is sub-divided over the various elements or constructional parts of the building. In this manner, each element is allocated a price based on the price analyses of previously erected buildings of a similar type. At the sub-element level (i.e., component), price data can be derived from dissimilar projects. Clearly, the summation of the price targets set against each element should not exceed the total forecast price. Price checks are then made throughout the design stage to ensure compliance with the price plan and the various price targets, with a final price check being made of the complete project. In essence, price planning and control is seen as a self-fulfilling prophecy.

Nisbet (1961) was of the opinion that the pre-contract period of the project comprised five separate, but overlapping stages: consultation (preliminary discussions regarding the functional requirements of the proposed scheme); brief (the client would present the architect with his formal requirements including the amount of money available); investigation (architect considers various means of fulfilling client objectives by preparing sketch plans and a particular sketch plan is chosen); constructional design (design of each part of the building in detail); and working drawings (the production of final working drawings).

Insofar as the provision of price advice was concerned, Nisbet (1961) contended that pricing had three constituent parts: the exploration of anticipated price likely to take place during the consultation stage; determination of total price in the brief and investigation stages (termed `approximate price forecasting'); and the pricing of the design within the ascertained total price during the constructional design and working drawing stages (termed `price planning').  

Clearly, this model of the provision of design-to-price advice was sub-optimal in that the technique of price planning was limited to the constructional design and working drawing stages of the design process - far too late for the quantity surveyor to proactively influence design. Furthermore, it is clear that actions taken by the quantity surveyor would invariably take the form of analysing decisions that had already been taken. In other words, pricing always follows design, with the quantity surveyor relegated to a passive role. Finally, the dearth of structured price information in existence in the 1950's and early 1960's largely precluded the quantity surveyor from forecasting the price of design solutions in the early design stage.

Morrison (1983) concludes that there is little evidence that this approach to price planning and control was able to fulfil the stated objectives, one of which is to provide `value for money'. At best this method allows price control within the agreed budget.

Comparative price planning, or `pricing a design', on the other hand, was introduced to alleviate what was thought to be the intolerable restriction imposed on the architect by elemental price planning (Grafton, 1966). This methodology assumes that the initial viability (conventionally termed `feasibility') studies had determined the general layout and arrangement of the building, and that a price limit existed. By way of contrast, this price limit was regarded as an upper limit rather than a target, thus facilitating the price exploration of alternative design options (in terms of viability and acceptability) and permitting the architect to make rational decisions in the light of their individual order of price and their cumulative effect on total price before developing the design (Grafton, 1966).

The essential difference between the two methods of price planning is that with the elemental system the design is evolved over a period of time within the agreed price limit, whereas in the comparative system the design is fairly well established at the sketch plan stage. More specifically, the main emphasis of the comparative system is concerned with the comparison of alternative possibilities within a total sum, rather than attempting to control the design piecemeal in relation to targets for limited sections of the work (Seeley, 1983). This difference becomes manifest in the different role adopted by the quantity surveyor for each approach. In the comparative system the quantity surveyor becomes involved with a greater number of price significant decisions. The early interpretation of the elemental system assumed that the price plan would be produced prior to the stage when the majority of these decisions would be taken (Nisbet, 1961).

Many of the shortcomings inherent in the elemental system were not overcome by the comparative method. The decisions regarding specification alternatives were left to the architect (Grafton, 1966), and there were no means of ensuring a balanced expenditure (Bathurst and Butler, 1973).

Comparative price planning may, therefore, be seen as an alternative to elemental price planning rather than a development or refinement of the original technique, with no meaningful progress being made towards the attainment of the stated objectives of price planning and control (Morrison, 1983).

(b) Current theory of price planning and control of buildings
The formation of the Building Cost Information Service of the Royal Institution of Chartered Surveyors in 1962, with the associated `Standard Form of Cost Analysis' (R.I.C.S., 1969), and the publication in 1964 by the Royal Institute of British Architects of the `Plan of Work' (R.I.B.A., 1980) were the first significant steps towards increasing the effectiveness of price planning. The former ensured the availability of standardised price planning data, while the latter provided a useful framework against which to describe price planning and control techniques and described, for the first time, the quantity surveyor's responsibilities during these stages.

The price planning and control activities proposed in the R.I.B.A. (1980) `Plan of Work' are summarised by Seeley (1983). Interestingly, the terms `outline cost (sic) plan' and `draft cost (sic) plan' are used, terms which feature prominently in a text produced by the Ministry of Public Building and Works (M.P.B.W.) (1968). This text defines three basic tenets of a price control 


Fig. 3.14 Ministry of Public Building and Works Schema (adapted from M.P.B.W., 1968)

system, namely, a frame of reference, a method of checking, and a means of corrective action. The diagrammatic representation of the M.P.B.W. (1968) schema is reflected in Fig. 3.14, a format very similar to that of the Department of Education and Science (D.E.S.) (1972) and shown in Fig. 3.15.


Fig. 3.15 Department of Education and Science Schema (adapted from D.E.S., 1972)

The frame of reference referred to above would consist of two stages: the establishment of a `realistic' initial forecast; and planning the distribution of the funds over the parts of the building. The M.P.B.W. (1968) model (Fig. 3.14) indicates that an effective price control system must be established at the `feasibility' stage of the design, when the initial forecast (using either the unit area rate interpolation method or the financial equation method) is produced, and the elemental allocation or distribution performed at the `outline proposals' stage. 

The R.I.B.A. (1980) `Plan of Work' highlights that price planning during the design phase falls into four sections: advising on a cost range; preparing an outline price plan; preparing a price plan; and price checking the design.

The extension of the technique of price planning to include the production of an outline price plan at the `outline proposals' stage marks a sincere effort at overcoming the limitations of the original system (outlined above), attempting to establish a realistic initial forecast and apportioning this sum against the major elements before commencement of the design. However, the ability of the two methods of price forecasting advocated by P.M.B.W. (1968) to produce realistic initial forecasts (and, hence, price limits) is questionable. At best, the interpolation method could provide a range of possible total prices for consideration. The R.I.C.S. (1976) advocate the use of either the superficial method or the cubic method. 

Morrison (1983) suggests that the advent of the outline price plan reflected an appreciation on the part of industry of the inadequacies of price planning at that time and represented attempts at rectifying the situation.

According to Ashworth (1988) and Ferry and Brandon (1991), the composition of a complete system of price control at the design phase of a project would entail the establishment of the brief, the investigation of a satisfactory solution, and the price control of the total development of the design.

Ferry and Brandon (1991) propose a five stage programme for price planning and control within the pre-contract framework of traditional procurement methods.

: Brief stage - pricing the brief by means of preliminary (budget) price forecasts based on the floor area of the building and a suitable rate per unit floor area, adjustments being made for such factors as market conditions, size and number of storeys. In the event of the forecast reflecting a price in excess of the client's budget, a schedule of price reductions may have to be prepared,

: Sketch plan - the preparation of outline elemental price forecasts to assist in the evaluation of the architect's first sketch designs. This preliminary forecast serves two main purposes: the assessment of whether or not the architect's initial solution can be accommodated within the preliminary forecast; and the comparison (elementally) between the proposed scheme and previous elemental price analyses. Should it be revealed that the proposed solution cannot be accommodated within the preliminary forecast, then the elemental comparison will facilitate the analysis to discover where the diseconomies exist. Indeed, if the quantity surveyor is aware of the range of prices commonly associated with various elements (M.P.B.W., 1968), then the iterative process of producing preliminary price forecasts should enable the quantity surveyor to suggest the mechanisms for achieving a design within budget.

: Approved sketch design - the preparation of an elemental price plan produced on the basis of the approved sketch plan, enabling the design development to proceed as closely as possible in accordance with the details of the price plan.

: Production drawings - the price checking of the working drawings, on an element by element basis (Ashworth, 1988), to ensure that the total price limit for the project is not exceeded. The process would be minimised if the price plan was prepared in some considerable detail, and if the architect adhered closely to it.

: Receipt of tenders - the reconciliation of the tenders (particularly the lowest tender) with the price plan. Discrepancies between the two sums should not be difficult to detect and reconcile, assisting in price revisions to the scheme should this be necessary.

According to Morrison (1983), the model of the theory of price planning and control presented by Ferry and Brandon (1991) would seem to overcome the majority of the outstanding limitations of previous models of the price planning and control process, in that the

: quantity surveyor adopts a proactive role in respect to price from the earliest stages of the

  project,

: process of producing outline elemental price forecasts based on the sketch plans facilitates the

  comparison of the proposed distribution of funds with that achieved on similar, completed

  buildings, thus enabling the assessment of balanced expenditure. Moreover, this process of

  considering a number of design options is likely to assist in achieving `value for money', and,

: process of price planning and control is extended to the earliest design stages, instead of, as was

  the case in the earlier models, concentrating solely on the `working drawings' stage. Previously,

  the price planning could only ensure that the price plan matched the tender.

Bennett (1977), recognising the importance of the relationship between the sketch plan and the commensurate commitment to price, stated that if quantity surveyors are to accept any responsibility and accountability for the economy of design, they must be able to influence the early and formative stages of the process. In other words, Bennett was questioning the conventional wisdom of the quantity surveyor using `price yardsticks' and similar pricing systems to advise on the initial budget, and then waiting until the completion of the first sketch plan before making his or her next contribution.

This line of reasoning corresponds with that of Taylor (1984), who, citing Dell 'Isola (1972), makes the point that the traditional theory of price planning and control contributes very little to the pre-sketch design process where all the major decisions regarding form and quality are taken. Current research suggests that there is a heavy commitment of price prior to a sketch plan being formalised (Ferry and Brandon, 1991), the application of the so-called `Pareto-type' distribution (Bowen and Taylor, 1986).

In summary, then, the early version of price planning and control developed in the 1950's recognised the three stated objectives of price planning and control, but failed to ensure attainment of two of them, namely `value for money' and a `logical and balanced distribution of funds over the constituent parts of the building'. The reasons for this are threefold. Firstly, the operation of price planning techniques was limited to the `constructional design' and `working drawings' stages of design which occur after most of the price significant decisions have been taken. Effort thus focused on ensuring parity between price plan figure and tender figure. Secondly, the quantity surveyor adopted a purely passive role, with pricing following design. No attempt was made to integrate the quantity surveyor into the decision-making process. Finally, the quality and scope of data required to support the price planning and control techniques were not available. Current theory of price planning and control, however, appears to overcome the limitations of previous methodologies.

(c) A South African perspective
The foregoing is a summary of the theory of price planning and control to be found in contemporary texts. Apart from terminological differences introduced by the adoption of the I.S.A.A. (1989) `Plan of Work', the current theory of price planning and control in the South African context largely corresponds to that prevailing in the United Kingdom. The South African perspective is embodied in Table 3.3 (Section 3.8).

3.4.3 Assessment
There can be no certainty as to the extent that the price planning and control process influences design, particularly at the design concept stage when the procedure is design-led. Certainty exists, however, that the system provides the means for a direct price input that considers alternatives within an on-going process.

Price planning and control theory suggests two distinct forms of price planning, operating on a linear basis. Morrison (1983) and Ashworth (1988) consider it to be more a mixture of the two systems. In other words, rather than imposing prices on design consultants within which they must design, the system jointly considers alternative designs and allocates historic prices based on them.

Having discussed the current theory of price planning and control, the purpose of the following section is to present the techniques of price forecasting available to the quantity surveyor for use within the framework of price planning and control.

3.5 Traditional price modelling techniques for buildings
The purpose of this section is to determine the price forecasting techniques available to the quantity surveying profession. The techniques actually utilised in practice in South Africa will be highlighted in Chapter 5.

The traditional approach to the provision of price forecasts during the design phase of building projects follows the work stages in the Practice Manual of the Institute of South African Architects (I.S.A.A., 1989). The relationship between the relevant stage of design, the price modelling technique employed and the price information produced by the quantity surveyor is reflected in Fig. 3.16.


Fig. 3.16 Relationship between design stage, price modelling technique and price information (adapted from Ferry and Brandon, 1991)

A comprehensive description of the nature and mechanics of price modelling techniques available to the quantity surveying profession is provided by Nisbet (1961), Seeley (1983), Smith (1986), Ashworth (1988) and Ferry and Brandon (1991). The treatment here of these techniques will, therefore, be limited to a brief overview to facilitate, in Chapters 4 and 8, a communication-based analysis of the price modelling techniques used utilised by quantity surveyors.

Ferry and Brandon (1991) define cost (sic) modelling as the symbolic representation of a system, expressing the content of that system in terms of the factors which influence its cost (sic). Thus, all methods of price forecasting available to quantity surveyors may be termed cost (sic) models. Price models may be classified as either single-price rate or multi-price rate models (James, 1955), the various traditional price modelling techniques being grouped as follows:

Single-price rate models: 
Functional unit

Superficial (floor) area

Cubic

Storey enclosure

Multi-price rate methods:
Approximate quantities

Elemental forecasting

Comparative forecasting and interpolation 

Non-traditional price models

Pricing of bills of quantities. 

Bills of quantities, whilst strictly speaking not usually considered as price modelling techniques applicable to the design phase, are included above as they are employed in the prediction of the lowest tender price during the technical documentation and approvals stage of the procurement process.

3.5.1 Single-price rate models
3.5.1.1 Functional unit method
This method should be regarded as a method for facilitating comparisons rather than a method of price forecasting per se (Nisbet, 1961), and is applicable as the basis for establishing a budget price at the inception stage of the project.

The method seeks to allocate a price to each functional accommodation unit of the particular building. The unit price rate is normally derived from an analysis of the unit prices of a number of similar buildings. Examples of typical functional units would include the price per pupil-place for a school, the price per seat for cinemas and the price per bed for hospitals. Clearly, allowance should be made for variations in design, specification, form of construction and other variables likely to impact on the price of the building (Smith, 1986).

According to Nisbet (1961) and Seeley (1983), this method loses much of its value as a method of price forecasting if it is used on individual buildings, not only because of the design economics considerations mentioned above, but principally on account of the lack of definition concerning the accommodation to be provided for each unit. Unless these differences can be itemised and quantified, this method provides no more than a very rough indication of (budget) price.

There exists an absence of rules for measurement, and it is advisable that the price of external works be excluded from the price forecast for the building. Data required for the computation of a price forecast utilising this method would comprise the total price of similar buildings (suitably adjusted for time) and the number of units to be accommodated.

The method's advantages of providing a simple method of comparison, of being a convenient form of stating a price limit or budget, and of being suitable for long-term forecasts of the price of very similar buildings (e.g., a programme of schools), are outweighed by its lack of suitability for price forecasting of individual buildings.

3.5.1.2 Superficial (floor) area method
The application of price rates per unit of superficial area to the building area of a proposed project is based on the derivation and use of data from completed projects, and is suitable for application during the inception, appraisal and definition, and design concept stages of the building procurement process.

The building area is the sum total of the areas measured at each covered floor level over the external walls or lines of the vertical structure or, where applicable, the centre line of party walls between buildings (A.S.A.Q.S., 1982). The calculation of building area is measured over all internal walls and partitions, internal staircases, lift shafts and ducts, covered porches and balconies, but excludes any allowance for external steps, roof overhangs, internal open areas and small projections.

Where sections of the building vary substantially with regard to such items as methods of construction and quality of finishes, the total building area can be sub-divided into appropriate sections, thus permitting the application of appropriate price rates to relevant building areas. Provision can also be made for separate functional areas e.g., kitchen areas, office areas and laboratory areas.

The data requirements of this model include the price rates per superficial area of similar buildings (sub-divided into the appropriate level of detail), and the extent and specification of the different types of accommodation to be provided.

The advantages of this system may be considered to be its: ease of application; relatedness to accommodation; use by the architect in the preparation of initial sketch designs; and ability to cater for differences in size, specification and construction. Major disadvantages are that this system does not permit easy adjustment for: differences in plan shape (wall to floor ratio); the concentration of internal divisions; the extent of plumbing, mechanical and electrical installations; and the vertical elements of a building (i.e., storey height and total building height). Lump sum allowances need to be made for external works, piling and other facets of work not related to the building area.

In applying historic superficial price rates (suitably adjusted for time), the main consideration is the required degree of homogeneity in the selection of comparable buildings, and the definition of this homogeneity (Flanagan, 1980).

3.5.1.3 Cubic method
The cubic method is a single-price rate model based upon the price per cubic metre (volume) of the building, and is mainly applicable to the appraisal and definition stage of the project. The measurement of the volume of the building is obtained by the application of measurement rules prescribed by the Royal Institute of British Architects (R.I.B.A., 1954). As with the superficial method, where different sections of a building relate to different functions and specification, these differing parts can be measured and priced separately. This method was derived to overcome the perceived inadequacy of the superficial method with respect to the vertical elements of the building.

The successful application of this method depends almost entirely on data derived from an almost identical building, as adjustments for differences in shape, storey height and total height have to be assessed by inspection and judgement.

The data required for the application of this method include outline or sketch plans from which the volumes may be calculated, outline specifications for the various different sections of the building, and price rates per cubic metre for previous projects (together with the relevant plans, elevations, and specification). 

The advantage of this method lies solely in the ease of application, and is outweighed by the disadvantages. These disadvantages include: the absence of a standard unit (which in turn complicates comparisons); prices are unrelated to those parts of the building generating them; and adjustments are extremely difficult to make in respect of differences in plan shape, size, storey height, total height, construction and specification. These differences give rise to wide variations in cubic rates (Seeley, 1983). Furthermore, a price per cubic metre of building is difficult to justify to clients and architects alike, and is useless in assisting the architect in the design process.

Again, lump sum adjustments would need to be made for considerations such as piling, external works and lifts.

Flanagan (1980), in an investigation of the relationship between price per cubic metre, building height and price per superficial area, found the only statistically significant correlation coefficient to be that between price per square metre and price per cubic metre (0,8813). Indeed, the correlation coefficient between storey height and price per cubic metre, and total height and price per cubic metre, was 0,0901 and 0,0403 respectively, dispelling any notion that the cubic method is sensitive to height. 

3.5.1.4 Storey enclosure method
The storey enclosure method of price forecasting was developed in response to dissatisfaction with the cubic method of price forecasting. Strictly speaking, it is not exclusively a single-price method of forecasting. It was devised by the Wilderness Cost Study Group of the Quantity Surveying Division of the Royal Institution of Chartered Surveyors, and reported by James (1954). The method is dependent on the availability of drawings, and consequently can only be used during the design concept and design development stages.

The method is said to be an improvement on the cubic method of price forecasting as it makes explicit allowance for plan shape, total floor area, the vertical position of the floor areas (via the use of greater multiplication factors for higher floors), storey height, and the additional cost of floor areas below ground level. However, whilst able to forecast the price of the structure and its finishes, this method makes no allowance for site works, the additional cost of more expensive foundations than those normally associated with the type of building, mechanical and engineering services, the additional cost of circular work, and features such as balconies.

The storey enclosure method basically consists of measuring the superficial areas of the external walls, floor and ceiling (vertical and horizontal planes) which enclose each storey of the building. These measurements are then adjusted in accordance with a prescribed set of rules to make explicit allowance for the above-mentioned factors of plan shape, etc. The resultant storey enclosure area is then multiplied by a storey enclosure price (derived from analyses of historical projects) to produce the price for the proposed project.

An adaptation of the storey enclosure system of price forecasting was developed in the United States of America (Diehl, 1967). Essentially the same as its British counterpart, this method varies in that it takes account of the superficial area of the internal divisions. This results in a complexity ratio of external and internal areas to gross superficial area. Results obtained from the application of this approach appeared to be more promising than those of the British method (Flanagan, 1980).

The Department of Public Works and Land Affairs (P.W.D.) (formerly known as the Department of Public Works) in South Africa produced a variation of the private sector storey enclosure price forecasting system for use in public sector contracts within their control. Their system (P.W.D., 1972) was based on the use of a single tariff which is applied in proportion to the horizontal and vertical elements of the building. The application of the tariff to the various `elements' is known as factorisation. The tariff is determined by a formula derived from the measured and priced bills of quantities for a quasi-house, the formula containing twenty-two representative items with quantities adjusted to maintain the relationships between trades and sub-sections. By repricing the formula with the price rates from accepted tenders the tariff may be updated to assist in assessing fluctuations in building prices for the revision of the forecast. This adaptation of the storey enclosure method was itself superseded by an adaptation of the elemental forecasting system in 1988.

Brooker (1985), in an examination of the P.W.D. (storey enclosure) price forecasting system, concluded that despite its rigorous structure and complexity, the technique served the requirements of the P.W.D. well, namely, by providing a uniform method of estimating for projects under its control and to assist in the monitoring of price levels over time. In essence, the model is only suitable for application to a small range of public sector projects.

Louw (1956), citing the findings of James (1954), stated that in a comparison of the forecasting ability of the superficial area method, the cubic method and the storey enclosure method, through an analysis of eighty-six tenders for new buildings, the storey enclosure method showed an improvement over the other two methodologies in every instance. Flanagan (1980) places these results in perspective, however, stating that as the storey enclosure method uses more than one rate, it is not surprising that this technique performs rather better than the single-price rate methods. There is no evidence in the literature of similar comparative analyses in South Africa.

The data requirements of this system are: the outline drawings indicating the shape, size and height of the building; and the price rates of previous projects calculated in accordance with the prescribed formula. 

The advantages of this method lie in the speed of application and the fact that the method makes some allowance for the shape, size and height of buildings. The major disadvantage, revolving largely around the fact that the price data are largely an abstraction unrelated to the process of cost generation, is that it is extremely difficult to adjust the price rates for differences in specification and quality standards. This disadvantage, together with the fact that it is not easily understood by architects and clients and excludes items often accounting for a substantial portion of the total price, resulted in a less than enthusiastic reception from practitioners in the United Kingdom (Flanagan, 1980). Apart from the work of Brooker (1985), the literature reveals no evidence of the extent of the use of this method in South Africa.

These shortcomings are exacerbated given the high degree of variability associated with factors such as foundation price rates (Beeston, 1975), the lack of a linear relationship between price and height (Flanagan and Norman, 1978) and the variability of basement prices (Flanagan, 1980). These problems stem from using data from dissimilar projects.

3.5.2 Multi-price rate models
Research by Bragg (1974), Bennett and Barnes (1979), Stevens (1983) and Morrison (1983) indicates that forecasting accuracy is improved by increasing the number of items in the forecast. Stevens (1983), in investigating the relationship between the cumulative price of a forecast and the cumulative number of items in the forecast, and the relationship between forecasting error and the number of items in the forecast, concluded that as much as 90% of price may lie in only 23% of items in bills of quantities. Moreover, the accuracy of price forecasts improves as the number of sub-forecasts increases (but is subject to the law of diminishing returns). Research by Harmer (1983) and Seymour (1984) supports the Pareto-type relationship between price and number of items expounded above. Furthermore, overall estimating accuracy is diminished when price is concentrated in a few items (Stevens, 1983). These results support the findings of Skinner (1982).

The above principles are the underlying tenets of multi-price forecasting models, namely, that forecasting accuracy is improved by increasing the number of measurable items in the forecast. In addition, these methodologies permit the quantity surveyor to exercise professional judgement (to take cognisance of the effect of design considerations) in the allocation of individual price rates.

3.5.2.1 Approximate quantities method
This method of price forecasting is considered by Seeley (1983) to be the most reliable of the methods available to the quantity surveyor, by virtue of it being based on the normal method of preparing and pricing bills of quantities. Its very nature makes it reliant on adequate drawings and specification, a requirement that cannot always be met, and certainly not at the inception stage. 

There are no formal rules of measurement as the degree of detail depends on the amount of design information available, the format resembling an abbreviated bills of quantities. Measurements are usually to within the nearest 150 mm, and are deemed to be inclusive of all labour-only items. The forecast is priced using composite price rates derived from historical price rates obtained from an analysis of previous projects. For example, the items of Rhinoboard ceiling, ceiling brandering, internal cement plaster to soffits, and internal paint to plastered ceilings would be measured and priced as one composite item. Adjustments to the price rates derived from historical projects would have to be made in respect of differences in the preliminaries, location, specification and inflation. Brook (1972) attempted to simplify the approximate quantities method by using factored price rates as a means of facilitating analysis of the price implications of alternative designs. This approach was also investigated by the Property Services Agency (P.S.A., 1977) in the United Kingdom.

This forecasting model is used primarily during the design concept and design development stages, and is ideally suited (in terms of the amount of information available) to the latter stages of design. Indeed, Nisbet (1961) contends that during the design development stage `it is the only acceptable method of estimating'. It is claimed that this is the most widespread method used in practice in the United Kingdom (Morrison and Stevens, 1980; Bowen, 1980). No evidence in the published literature could be found regarding its prominence in South Africa.

Data required for the application of this method includes sketch plans or preliminary working drawings, specification details (provided or assumed), and current prices from historical projects. The price of specialist and non-typical work has to be forecast separately.

The advantages of using this system may be summarised as: the reliability of the system; permissible subdivision of the forecast to assist the architect with the design process; and the fact that adjustments are comparatively easy to make in respect of differing specifications, shape, size and height. The major disadvantages lie in: the time required to produce this type of forecast; its incompatibility with the elemental sub-divisions of a building; the amount of information required for its application; and its questionable relevance to procurement systems where bills of quantities do not form the basis of the documentation i.e., its late stage of application.

3.5.2.2 Elemental price forecasting method
The elemental price forecasting method was originally developed from attempts at producing an elemental price analysis system for purposes of comparison, the idea being to assist in the explanation of price differences in buildings in quantitative and qualitative terms. This method of price forecasting is mainly applicable during the design concept and design development stages of design.

The basic tenet of the system is the sub-division of the building into functional elements and components, an element being defined as that part of a building that always performs the same function irrespective of its construction or specification, and a component as a sub-division of an element. Examples of elements would include foundations, roof, structural frame and external envelope. Using the element `external envelope' as an example, the components of this element would include walls, finishings (external), windows, doors and curtain walling. Flexibility exists in that users are able to combine or sub-divide elements (components) as necessitated by the nature of the work.

The South African method of elemental price forecasting and analysis is based on the British `Standard Form of Cost Analysis' issued by the Royal Institution of Chartered Surveyors, but the grouping of elements and components (sub-elements) differs. 

The rules of measurement are laid down in the `Guide to Elemental Cost Analysis' (A.S.A.Q.S., 1982), second edition, issued by the Association of South african Quantity Surveyors. Elements are expressed both as a price per square metre of gross (horizontal) superficial building area (elemental rate) and as an elemental unit rate which relates the price of the element to the quantity factor of that element. Clearly, the sub-division of the price forecast into functional elements facilitates price exploration and the adjustment of elemental and component price rates for differences in design, specification and time.

The Department of Public Works and Land Affairs (P.W.D.) in South Africa again produced a variation of the private sector forecasting system for use in public sector contracts within their control. The P.W.D. method of elemental forecasting (reference QS57E and QS58E) is far more complex than the private sector counterpart, employs a slightly different set of elements and components, and appears to be an amalgamation of the elemental and storey enclosure methods - involving the use of factors and tariffs. The same twenty-two representative items as utilised in their storey enclosure method are used in their version of the elemental system. Interestingly, this same set of items is used by the Bureau for Economic Research, University of Stellenbosch in the compilation of the `Building Cost Index'.

The problem of method familiarity is compounded by the fact that not all government departments adopt this system. The South African Post Office (formerly the Department of Posts and Telecommunications), for instance, permits private sector quantity surveyors to utilise the private sector format. 

The data requirements of this system rely on price analyses of buildings of similar function, outline drawings for the calculation of quantity factors, and specification details. The advantages of this method lie in its ease of application and the fact that price comparisons to the elements and components of other buildings are possible. It is easily understood, and can assist the architect in the formulation of the design. Disadvantages associated with this system are the time required for its preparation, the price data requirements and the skill needed for the adjustment of rates. 

3.5.2.3 Comparative forecasting and interpolation methods
The comparative method of price forecasting takes the price of a similar type of building as the basis, and then makes price adjustments for differences in constructional methods and specification. To facilitate the process of adjustment and the evaluation of alternatives, it is advisable to compile a schedule of related work to a square metre of finished work for a whole range of alternatives. The application of differing combinations of rates should be applied with caution, however, as elements do not function in isolation and the effect of interdependence should not be ignored (Seeley, 1983). This method would be applicable during the design development stage for the pricing of design options.

The interpolation method is a variant of the comparative method whereby, at the inception, appraisal and design concept stages of the design, a forecast of price may be produced by interpolating a price per square metre rate from a schedule of superficial rates derived from analyses of similar buildings. This method is essentially one of intuitive interpolation.

3.5.2.4 Non-traditional price models
The term `cost modelling' was originally associated with non-traditional forms of price modelling, the development of which has largely resided in academic institutions (Bowen and Edwards, 1985), despite general terminological applicability. According to Flanagan (1980), models may be distinguished as descriptive, predictive, explorative or planning in nature. The vast majority of non-traditional forms of price forecasting models developed to date consist of mathematical predictive models, by virtue of their use of mathematical symbols in the representation of reality. Mathematical models generally consist of two components: data which service the needs of the model; and an algorithm for the manipulation of the data. Mathematical models, in turn, consist of four sub-types, namely, equation systems, statistical techniques, simulation and computer algorithms (Flanagan, 1980).

The first two types of mathematical predictive models have hitherto dominated the field of non-traditional price models available to the quantity surveyor (Ashworth, 1981). This is not to say that the other two forms of non-traditional models have not been developed; they have, but their availability to practitioners is very limited, if non existent. The nature and development of these more `academic' forms of non-traditional price modelling will be discussed in Chapter 8.

Ferry and Brandon (1991) describe price equation systems as causal or empirical models, stating that in many ways these are merely refinements of traditional forecasting techniques. The mechanics underlying the development of these causal models are the expression of the building in algebraic terms, the assigning of values to the algebraic terms, and the application of price coefficients to produce a price forecast. Morrison (1983) employed such an equation-based method in the development of a price forecasting model for emulating the system in which quantity surveyors produce their price forecasts.

For example, the price of the reinforced concrete foundation bases to a rectangular framed structure could be represented by

Price of bases = [(L/BL)+1] * [(W/BW)+1] *CFn 

where;
L
= length of framed structure


W
= width of framed structure


BL
= average bay size in one direction


BW
= average bay size in the other direction


CFn
= the price factor per base.

In a similar vein, algebraic equations could be constructed for all the other components of the building. The flexibility of the system is said to be its major advantage, permitting the evaluation of alternative conceptual design options prior to the commencement of the detailed design. The disadvantages of this system lie in the lack of universal application, the choice of an appropriate price factor and the difficulties inherent in representing complex buildings in algebraic terms. The application of differential calculus to the mathematical expression of buildings has been utilised for layout optimisation purposes (Bathurst and Butler, 1973). 

During the 1970's and the first half of the following decade regression models emerged as a popular technique. Research in this field includes the work of Tregenza (1972), Kouskoulas and Koehn (1974), McCaffer (1975), Reynolds (1978, 1980), Flanagan and Norman (1978) and Bowen (1982a, 1984). Models are not confined to the appraisal of the total price of the building, and effort has been directed to the development of models for various elements of a building (Reynolds, 1976), with applications ranging from models dealing with the price of heating, ventilating and air conditioning installations (Gould, 1970) to those concerned with concrete framed structures (Bowen, 1980). The superiority of a regression model over a traditional model such as the rate per square metre is easily perceived, in that it is statistically possible to demonstrate the strength of a relationship between, say, area and price. The efficiency of more complex multiple linear and curvilinear regression models has been demonstrated, at least at a theoretical level, and it seems that the development of a hierarchical nest of models is entirely feasible (McCaffer et al., 1983). Regression models are suitable for application throughout the design phase, but are better suited to those early stages where a minimum of design information is available.

Regarding the disadvantages of regression price modelling, Beeston (1978) and Bowen (1982b) provide an overview of the problems associated with this statistical technique. Major drawbacks include the concept of model blindness (Brandon, 1982) and the requirement on the part of the user to possess an adequate grasp of the science of statistics (Bowen and Edwards, 1985).

Meyret (1969), Tumarkin (1971), Paige (1979) and Krieg (1979) investigated the theory and application of parametric price forecasting. The underlying tenet of parametric forecasting is that the average price of a particular unit, element or component bears a definite relationship to the price of the complete building in some ratio or proportion. It is not inconceivable to consider the majority of traditional price models as parametric methods, with regression models also falling into this category (Krieg, 1979).

The main advantage of parametric price modelling is the speed in which a forecast can be produced, said to be in the order of a quarter of the time required to produce an elemental price forecast. Furthermore, a forecast can be produced without recourse to drawings as long as the factors which affect building prices are known, together with details of building size, height, etc. The main disadvantages lie in the inability of the system to reflect the prices of the various elements of the system, the lack of transparency afforded by the model, and the validity of the enhancement factors (Paige, 1979). 

A substantial database is necessary to support the formulation and maintenance of regression and parametric price models, and this is almost certainly beyond the individual capabilities of most professional quantity surveying firms. Comprehensive, centralised databases, unlike the situation prevailing in the United Kingdom, have yet to become a reality in South Africa. Ashworth (1981) contends that the number of sets of data used in the construction of a regression price model must be greater than (ideally 2,5 times) the number of variables contained in the model.  

3.5.2.5 Pricing of bills of quantities
According to Ferry and Brandon (1991), traditional bills of quantities constitute a good example of a product-based cost (sic) model. Product-based price models are based on the measurement of finished `work-in-place' according to a set of prescribed measurement rules. As such, the bills of quantities price model is applicable to the technical documentation and approvals stage of the building procurement process. The pricing of the bills of quantities by the quantity surveyor immediately prior to the invitation of tenders constitutes the final price forecast in the pre-contract phase of the building procurement process. In this manner, the quantity surveyor attempts to emulate the pricing actions of contractors tendering for the contract and, in a sense, may be thought of as being in competition with them in their attempts to forecast the `market' price of the project.

Bills of quantities generally comprise, inter alia, the trade preambles, the preliminaries, the various applicable trades of measured work (as opposed to elements), and provisional sums in respect of specialist installations.

The rules of measurement are prescribed in the `Standard System of Measuring Building Work' (A.S.A.Q.S., 1991), sixth edition as amended, the first edition being issued in 1906. Bills of quantities, similar to that used in the United Kingdom, form the basis of the competitive form of tendering in the building industry and provide a detailed schedule of the quanta of labour and materials required for a particular project.

The data necessary for the pricing of bills of quantities by the quantity surveyor include the priced bills of quantities of previous projects from which are drawn individual price rates for insertion against items of measured work. Adjustments, based on professional judgement, are made for perceived differences in quantity, time and complexity. Alternative approaches to pricing entails the use of published price books and the compilation of price rates from first principles. It may be necessary to refer to the working drawings to obtain greater clarity on specific issues.

The advantages of this system are that it comprises the most detailed form of forecasting currently available and relates directly to the submission of tenders, thus permitting an analysis of differences between the pricing by the quantity surveyor and the successful tenderer. Its disadvantages lie mainly in the timing of its application, namely, that it occurs at too late a stage to be effective in the design process in terms of its usefulness in influencing design and as a mechanism for exercising price control during the design process. Furthermore, the time taken to prepare this form of forecast is not inconsiderable, and the format of bills of quantities is largely unrelated to that used in the approximate quantities and elemental forms of forecasting. Notwithstanding these shortcomings, the pricing of bills of quantities is seen by quantity surveyors as the most detailed, accurate form of price forecasting available to them.

3.5.3 Assessment
Current price prediction techniques have as their basis the assumption that price is related to a measurement parameter. Single-price rate techniques are applicable if applied to buildings displaying homogeneity. Multi-price rate techniques assume that unit price rates are sensitive to design criteria. None of the price forecasting methods take cognisance of construction time, complexity or operational sequence.

3.6 Price information (data) available to service price models
In the previous section the various techniques of price forecasting available to the quantity surveying profession in South Africa were discussed. In this section the data theoretically available to quantity surveyors for the purposes of price forecasting will be introduced. The price data actually utilised in practice in South Africa will be highlighted in Chapter 5.

The information concerning general price levels is held by forecasters in various forms and extracted from various sources. Newton (1983) and Raftery (1984) warn of the necessity of any price information system being compatible with the design process. The general lack of empirical research into the effect of information and the different types of information available to the price forecaster is a source of major concern, resulting in much of the literature on price planning being of questionable value (Skitmore et al., 1990).

The price information available to the quantity surveyor may be classified into two main categories: price data obtained from previous projects with which the quantity surveyor has had personal involvement (or from other projects within the quantity surveyor's own organisation); and published price information (Stevens, 1983). This contention is supported by various texts on the subject of price planning and control (e.g., Ashworth, 1988; Ferry and Brandon, 1991).

3.6.1 In-house price information
In-house price data, the scope and quantity of which undoubtedly is a function of organisational size, generally consists of project price analyses compiled by individual quantity surveyors, and the priced bills of quantities submitted by successful tenderers. Dealing with each of these in turn.

3.6.1.1. Price analyses
It has already been shown that, with the failure of the E.B.D. service, quantity surveyors in South Africa do not have access to published elemental price data similar to that of the B.C.I.S. Furthermore, journals in South Africa do not contain published elemental price analyses along the lines of that contained in British journals such as The Architects' Journal, or the Australian journal The Building Economist.

Consequently, the only source of elemental price data available to the quantity surveyor in South Africa is that derived from analyses of priced bills of quantities undertaken within individual organisations.

3.6.1.2 Bills of quantities
Price data contained in the bills of quantities of successful tenderers must surely constitute the major source of price information available to the quantity surveyor in South Africa, especially as there is an almost complete lack of published item rates relating to building work. Data derived from bills of quantities may be summarised as follows:

: individual rates for measured items of work,

: total prices for use with the single-price rate methods of approximate price forecasting, and,

: elemental analyses in terms of the `Guide'. 

3.6.2 Published price information
Unlike the situation prevailing in the United Kingdom and Australia, South Africa is inadequately served by published price information.

3.6.2.1 Price books
The only local price book worthy of note is Merkel's, a comprehensive document published annually. British price books, for example Laxton's and Spon's, are obtainable, but their usefulness is limited to an explanation of the principles underlying the synthesis of prices for building work. Clearly, those data per se are useless in the South African context.

Merkel's pricing and management manual, running into approximately one thousand pages, contains, inter alia, data relating to the pricing of items to be found in each trade of bills of quantities, the pricing of preliminaries and specialist installations, and an explanation of a typical specification and set of tender documents.

A major problem relating to the use of published price data is the inevitable time lag between data collection, publication and use by the quantity surveyor. If one considers that these books are usually published at the commencement of a particular year, and that the relevant data must have been collected prior to that, it is questionable whether, at best, the rates presented can represent anything more than an average situation. The problem is exacerbated by the fact that such data are presented without accompanying descriptive statistics. Thus, judgement of data quality is difficult. The publishers of Merkel's do, however, advocate the use of the `P0151 - Haylett Formula' contract price adjustment indices and the wage rates for the industry published by the Central Statistical Service as a means for updating the price information during the year - notwithstanding the fact that this statistical information is published three to four months in arrears.

Ashworth (1980, 1986) and Bennett (1984) produced comprehensive studies of the variability existing between the prices contained in the major price book sources in the United Kingdom, concluding that wide variations in individual item price rates exist. No similar study of the accuracy and consistency of data available in South Africa has been undertaken.
3.6.2.2 Building cost and tender-based price indices
The process of price planning requires the use and manipulation of large quantities of historic cost and price data, thus necessitating the use of appropriate indices as a means for relating the price level at the base date of the price information to the price level pertaining at the base date of the price forecast or elemental price plan. Flanagan (1980) defines an index as a statistical measure designed to reflect changes in a variable or group of variables with respect to time.

The two types of indices germane to this study are the building cost index and the tender-based price index. The former, known as a factor cost index, measures fluctuations in the cost of the production resources to the contractor, and is therefore composed of wages, material and plant costs appropriately weighted to reflect their relative importance in relation to each other - the `basket of goods' principle. Such indices can be compiled to reflect the total construction costs of a building, an element or trade within the building process, or even a single material. The latter type of index is based upon what the client is prepared to pay for the building and, as such, includes not only building costs per se, but also an allowance for market conditions and profit. This form of index is normally constructed by analysing bills of quantities submitted by successful tenderers. Allen (1975) and Tysoe (1981) offer a comprehensive analysis of the nature and use of construction cost and price indices. Bowley and Corlett (1970) recommend the use of a tender price index for the purposes of price planning and control. Reasons cited for this include the fact that such an index represents the price to the client; includes an allowance for market conditions; and takes cognisance of the contractor's method of undertaking the work.

According to Ferry and Brandon (1991), there are five main uses to which building cost and tender price indices can be put: updating elemental price analyses; extrapolation of existing trends; calculation of cost fluctuations; identification of changes in cost relationships; and the assessment of market conditions.

The building industry in South Africa, unlike the United Kingdom which enjoys upward of fifteen cost and price indices, is served by two main indices. The first, published under the auspices of the Building Industry Advisory Council, is the `P0151 - Haylett Formula' index. This is a factor cost index compiled and published by the Central Statistical Service. The second is the `Building Cost Index', a tender-based price index compiled and published by the Bureau for Economic Research, University of Stellenbosch. Interestingly, the `Building Cost Index' referred to above is, in fact, a tender-based price index. In addition to these indices, certain other relevant indices are available. These include: the `P0153 - Contract Price Index for Buildings' published by the Central Statistical Service; `Trends in Building Costs' and `Building and Construction' published by the Bureau for Economic Research; and the commercially available report produced by Medium-Term Forecasting Associates.

It is not within the scope of this thesis to provide a detailed account of the nature and use of these indices. Comprehensive descriptions are provided by Brook (1974, 1985), Kilian (1980), Snyman (1980) and Kilian and Snyman (1984). There is no evidence in the literature of research into the validity of these indices. A communication-based examination of the use of these indices for price forecasting purposes is given in Chapter 8.

3.6.2.3 General economic indicators
General economic indicators refer to those statistics representing the economic performance of the building industry, and reflect the activity levels in certain key areas of relevance to the building industry. Examples of these key areas would include total new orders, and architects' and quantity surveyors' workload.

Kilian (1976) provides detailed commentary on the dearth of economic indicators available to the building industry in South Africa. In summary, the main indicators available and relevant to quantity surveyors are the series `P5041.2 - Building Statistics - Private Sector' (dealing with the value of building plans passed and buildings completed) and the `P17 - Short-Term Economic Indicators' publication. These indicators, published by the Central Statistical Service, are not without problems (Kilian, 1976), the issue of suitable deflators being amongst them. General indicator statistics are available from the `Quarterly Bulletin' of the South African Reserve Bank and the `Quarterly Bulletin of Statistics' produced by the Central Statistical Service. Details of architects' and quantity surveyors' workloads are contained in the `Building and Construction' publication.

3.6.3 Assessment
Quantity surveyors in South Africa, unlike their British counterparts, are poorly served by published price information. Historical price data derived from bills of quantities are the main source of price data of the quantity surveying profession in South Africa. Reliance is placed on indices for the adjustment of prices and price information.

3.7 Forecasting accuracy achieved in theory
In the previous section the various price data available to the quantity surveying profession in South Africa were discussed. In this section the accuracy theoretically achievable by quantity surveyors in the provision of price forecasts is introduced. The accuracy actually realised in practice in South Africa will be dealt with in Chapter 5.

Bowen and Edwards (1985) drew attention to the need to establish `acceptable' levels of accuracy in the context of the provision of price forecasts and plans. Skitmore et al. (1990), in a detailed study of the quality of price forecasts in the United Kingdom, state that the quality of any forecast is a function of five factors: the nature of the target (e.g., the nature, type and size of the project); the information used; the forecasting technique utilised; the feedback mechanism employed; and the person providing the forecasts. Very little research effort has been focused on the question of price forecasting quality. The major contributions have emanated from Ashworth and Skitmore (1982, 1986), Flanagan and Norman (1983), Morrison (1984) and Skitmore et al. (1990), with Skitmore (1985) investigating the influence of professional expertise on construction price forecasts.

The issue of `accuracy' is confounded when it is appreciated that neither the price forecast by the quantity surveyor nor the bid submitted by the contractor are `true' values, both being forecasts and hence subject to relative error bounds. In fact, three points are of relevance here: the accuracy of the tender price submitted by the contractor; the accuracy of the price forecast made by the quantity surveyor; and the `true' price. Moreover, errors in the measurement of physical quanta will be present (Heisenberg, 1967), and need not be insignificant (Edwards et al., 1990). 

Bowen and Edwards (1985) point to the possible divergence between expectations of accuracy on the part of clients and architects on the one hand, and assumptions of accuracy by the quantity surveyor on the other hand. Cursory research (Bowen and Edwards, 1985) indicated that this is indeed so. Flanagan (1980) called for the introduction of accuracy monitoring systems utilising techniques borrowed from statistics, for example, cusum charts.

Possibly the most seminal work has been produced by Beeston (1975, 1983) who, in a theoretical analysis, concluded that a coefficient of variation of 7% for the quantity surveyors' observable estimating variability is the performance which can be expected using present methods in the best way under average circumstances. Morrison (1983), in a study of 915 projects taken from seven different quantity surveyors' offices, revealed that the average accuracy achieved by quantity surveyors when pricing bills of quantities has a mean deviation of approximately 12% and coefficient of variation of approximately 16%. Morrison (1983) suggested that the use of a less detailed method of forecasting, such as the elemental method, is likely to produce results with a coefficient of variation of approximately 20%. All the above publications relate to studies undertaken in the United Kingdom.
No evidence, apart from two very cursory studies undertaken by Bowen and Edwards (1985, 1986), could be found in the published literature relating to research concerning the accuracy of quantity surveyors' price forecasts in South Africa.

3.8 Conclusion
In this chapter the current theory of price planning and price control within the context of building design has been presented. In addition, a description of the price forecasting techniques and price information theoretically available to practising quantity surveyors was provided. Emphasis was given to the situation prevailing in South Africa.

A summary of the theory of price planning and control, within the framework provided by the I.S.A.A. (1989) `Plan of Work', is embodied in Table 3.3. This summary indicates the price planning and control services theoretically available, and the duties of the client and the architect. In addition, the price forecasting techniques available to quantity surveyors at the various stages of the design process are given. 

This chapter provides the basis for a communication-based comparison, in Chapter 7, between the theory and practice of price planning and control. To this end, then, a communication-based analysis of the theory of price planning and control within the context of building design is presented in the following chapter.

Table 3.3 Price planning and control within the framework of the I.S.A.A. (1989) `Plan of Work' 

I.S.A.A. Stages
R.I.B.A. Equivalent Terminology
Usual Terminology
Purpose of Work
Duties of Client and Architect
Price Planning and Control Services
Price Forecasting Techniques

Inception
Inception
Briefing stage
Prepare general outline of client's requirements.
Client: Establish needs and objectives.

Establish client management structure.

Compile outline brief.

Communicate outline brief to design team.

Architect: Inform client of responsibilities.

Receive outline brief (requirements, time and price).

Provide feedback on outline brief.
Comment on and contribute to outline brief.

Establish budget limit.

Advise on overall building prices.

Advise on design/price alternatives.

Advise on price/quality relationship ranges.

Advise on completion time.
Functional unit.

Superficial floor area.

Interpolation.

Regression.

Appraisal and definition
Feasibility

Provide client with appraisal of project and appraisal report.
Client: Consider viability report. Provide feedback.

Decision to proceed or not.

Architect: Determine organisational structure.

Distribute copies of formal brief.

Initiate Appraisal Report.

Design work to demonstrate viability.

Present Appraisal (Stage 1) Report to client.
Ascertain client's financial policy and required building standards.

Receive copy of client's formal brief.

Provide price forecast (budget) and viability study.

Contribute to Appraisal (Stage 1) Report.
Functional unit.

Superficial floor area.

Interpolation.

Cubic.

Regression.

Table 3.3 (continued) Price planning and control within the framework of the I.S.A.A. (1989) `Plan of Work' 

I.S.A.A. Stages
R.I.B.A. Equivalent Terminology
Usual Terminology
Purpose of Work
Duties of Client and Architect
Price Planning and Control Services
Price Forecasting Techniques

Design concept
Outline proposals and Scheme design
Sketch plan stage
Determine general approach to layout, design and construction.

Obtain client's approval of outline proposals.

Complete the brief.

Determine specific proposals including construction method, outline specification and price.
Client: Consider report, and suggested amendments. Provide feedback.

Approval of scheme.

Architect: Study analyses of similar buildings. Investigate possible solutions.

Establish possible modifications to brief.

Outline design plans. Decide on one general approach.

Prepare full scheme design.

Assist quantity surveyor with outline price plan. Scheme design plans.

Receive individual consultant's reports.

Compile and present Stage 2 Report to client.
Provide price forecasts on broad design concepts.

Advise on comparative prices.

Assist with price issues based on client's comments on appraisal report.

Prepare initial price plan with specific recommendations.

Reconcile price plan with budget price and viability.

Contribute to Stage 2 Report to client including advice on construction time, price forecast and price plan, and recommendations for brief modification.
Superficial floor area.

Interpolation.

Comparative.

Regression.

Parametric.

Storey enclosure.

Elemental.

Approximate quantities.

Design development
Detail design
Working drawing stage
Obtain final decision on all matters relating to design, specification, construction and price.
Client: Consider report, and suggested amendments. Provide feedback.

Approval to proceed.

Architect: Review report and amend brief to client's satisfaction.

Development of detail design.

Pilot details. Detail studies.

Detail design drawings, and submit to quantity surveyor for price checking.

Review price plan and price checks of detail design. Receive individual consultant's reports. Compile and present Stage 3 Report to client.
Price check design against price plan.

Update price forecast and viability study.

Update price plan as necessary.

Reconcile price plan with client's budget and initial price plan.

Provide complete price check report.

Advise client of commitment to brief.

Amendments to brief affect price, programme and viability.

Check viability.

Contribute to Stage 3 Report to client, including updated price forecast, reconciliation of price plan and viability study.
Storey enclosure.

Elemental.

Approximate quantities.

Table 3.3 (continued) Price planning and control within the framework of the I.S.A.A. (1989) `Plan of Work'

I.S.A.A. Stages
R.I.B.A. Equivalent Terminology
Usual Terminology
Purpose of Work
Duties of Client and Architect
Price Planning and Control Services
Price Forecasting Techniques

Documentation and approvals
Production information, Bills of quantities and Tender action
Working  drawing stage
Prepare production information.

Prepare and complete all information and arrangements for obtaining tenders.

Obtain tenders.
Client: Detailed decisions within the scope of previous decisions only.

Consider report. Provide feedback.

Architect: Review report and amend to client's satisfaction.

Compile and issue design development report and drawings to team to act as parameters. Ensure documentation in accordance with agreed design.

Compile and present Stage 4 Report to client.
Ensure production documentation in accordance with agreed design.

Prepare price forecast on production documents - reconcile with price plan and review viability study.

Measure and prepare bills of quantities.

Price bills of quantities - final price forecast.

Check submitted priced bills of quantities.

Prepare report on checked priced bills of quantities, and reconcile with price plan.

Prepare elemental price analysis.

Review price forecast and viability study, and reconcile with price plan.

Contribute to Stage 4 Report to client.
Approximate quantities.

Detailed quantities.

Contract administration and supervision
Project planning and Operations on site
Site operations stage
Plan efficient execution of contract.

Effective implementation of contract.

Transformation of contract particulars into building work.
Client: Approve variations.

Receive and comment on progress and financial reports.

Architect: Submit progress and financial reports to client.

Obtain client's approval for variations.

Record drawings. Submit to client and quantity surveyor all architect's instructions and variation orders.
Prepare cash flow projections (expenditure plan).

Establish financial consequences of claims.

Provide price advice on proposed variation orders.

Match certification with expenditure.

Establish price of variation orders.

Prepare financial reports.

Prepare final account.
Approximate quantities.

Detailed quantities.

Debriefing
Feedback

Feedback of information from current project to assist in future projects.
Client: Contribute to debriefing meeting.

Architect: Prepare maintenance manual.

Hold debriefing meeting.
Prepare elemental price analysis.

Compile historic price data.

Contribute to debriefing meeting.
----

Note: The B.E.R Building Cost Index and the `Haylett' Index are the main indices available for the adjustment of building price and cost data.
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