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ABSTRACT: With the purpose of creating a forum for discussion on the scope and nature of building performance evaluation. This paper provides a definition of performance measurement from an organisational perspective, and a review of three leading industry tools for post-occupancy evaluation that examines the gap between evaluation and measurement. The paper concludes by asking what role facilities managers might play in building performance appraisal, what barriers cost imposes on measurement of the built infrastructure, and what are the limitations regarding the methods included in the review. 

Introduction

The intention of this paper is to provide a forum for discussion on the scope for performance measurement of buildings. Recently, environmental performance, and sustainability have emerged as issues worthy of approaching with a view to continuous improvement, that is, applying performance measurement on a systematic basis as a means to understanding how buildings respond to these issues. 

Firstly we will summarise performance measurement in terms of a background, and examine the scope for the performance measurement of buildings; this will be followed by a review of the leading industry tools for performance assessment. In leading industry tools we mean commercially available tools that have been validated to the extent that they are used in practice and have a track record so to speak. The paper shall conclude by considering what level of measurement they provide, issues relating to the cost of performance measurement, and their limitations. We shall also consider the role of the facilities team in performance measurement.

Role and Definition of Performance Measurement

The idea that for effective control, managers must have a clear understanding of how their charge are performing, has permeated every corner of industry. Government initiatives such as performance-pay in teaching, education, and health, and the resulting league systems has put this very much in the public eye. Concepts of Best Value (DETR, 2000) and Best Practice have relied on some estimation of key performance factors for definition. This has been an evolutionary process: firstly understanding what the key performance factors are, obtaining accurate measures, then learning from and acting upon the findings, adjusting the relevance of certain aspects and looking for more representative measures. 

The definition of performance measurement, by consensus in the business management community, can be defined as quantifying the efficiency and effectiveness of an action (Neely et al., 1995). Efficiency and effectiveness relate, as concepts, to Best Practice (efficiency): the pursuit of perfection of a given approach, and Best Value (effectiveness): the pursuit of the most economic (in the widest sense) approach.

In the field of business management, it is interesting to note how step-changes
 in performance measurement come about. In the most widely discussed examples of fundamental change in approach to performance measurement, i.e. Wang Laboratories, and Xerox (see Dixon et al., 1990), the changes were seen as a response to a notable downturn in market fortunes. The fundamental shift in the ‘Wang’ case, was the separation of financial and product performance measurement, and a strategic emphasis on product quality and customer satisfaction. A number of these new measures have, however, been criticised for their questionable causality between actions and effects. This, it can be argued, has led to European Foundation for Quality Management (EFQM) using a threefold appraisal technique for their excellence model, Approach, deployment, and assessment and review (Quality Scotland, 1999) to put this issue under greater scrutiny.

Emergence of Performance Measurement

Building performance in the context of this paper relates specifically to design performance in relation to the occupants and owners of the building. The earliest serious look at performance in this context, in the UK at least, can be traced back to the work conducted at the Building Performance Research Unit, based at Strathclyde University, Glasgow (1967-1971). The interdisciplinary team comprised an architect, operations research scientist, psychologist, quantity surveyor, systems analyst, and physicist. The work set out, through experimental measurements, to appraise the performance of secondary schools in relation to satisfying user and organisational requirements, environmental performance, spatial elements (size, shape, bounding and grouping), cost issues, and the use of computers in design.

The investigation, reported in a single volume (Marcus et al., 1972), remains possibly the most in-depth investigation of its kind. The approach taken in the studies varied from developing causal measures to identify relationships (see compactness, p114), questionnaires to establish circulation of pupils (p249), teacher preferences for accommodation (p243/4), descriptive scales and mapping. Most of these approaches, as we shall see, are still used in contemporary studies of buildings in use. 

While the report identifies the inadequacy of facilities management of the time, the book does not enter into discussion of the scope of management to address some of the issues raised. The issue of space use, for example is tackled from a design perspective (temporary boundaries; demountable partitions). More recently, management strategies such as free addresses, desk share, and hotelling (Worthington et al., 1996) have added a new management orientated approach to resolving space use issues, widening the scope and definition of building performance. 

The Scope for Performance Measurement of Buildings

In management  theory, a building is considered an enabler, or as capabilities (Neely and Kennerly, 2000; EFQM, 1999), that is to say, the building may not in itself add value to the process, but it facilitates the process, and has the potential to cause process problems. To that end, cost reduction is a primary consideration for many building owners and occupiers. The question this raises is what aspects of the building are essential to enable the processes to run correctly, and which are items of waste that can be eliminated? To establish which is which, perhaps requires a degree of market research, and a degree of on site observation. 

A report by the Royal Academy of Engineers (Evans et al., 1998) sets the whole life cost ratio for a typical commercial office building into perspective with total business costs. The figures in table 1. might seem a little high; Davis et al., 1993a suggest construction costs are nearer 7% at present value.

	Construction Costs
	1

	Maintenance and Building operating Costs
	5

	Business Operating Costs
	200


Table 1, Evans et al. (1998)

From an economic standpoint, these figures suggest that improvements at the construction stage (even costly ones) may have a positive effect in the overall running of the building, and possibly the business. This presents a forum for discussion on what changes in the syntax of the numbers might mean for the built environment. Benchmarking these costs might not immediately serve a practical purpose, but the qualitative investigation of how different organisations amount this cost ratio may be quite revealing. This is essentially where post-occupancy evaluation, or feedback enters the equation.

The special issue of Building Research and information (29 (2) 2001) devoted to Post-occupancy evaluation, has perhaps paved the way for a more thorough discussion of the merits of POE in the UK. Baird (2001) lists six areas in which building performance improvements can support the organisation: 

· Better matching of supply and demand.

· Improved productivity within the workplace.

· Minimisation of occupancy costs.

· Increased user satisfaction.

· Certainty of  management and design decision making.

· Higher returns on investment in buildings and people.

(Baird, 2001)

Active debate within the Scottish Executive regarding the efficacy of performance based building regulations (Eley, 2001, p164), and the emergence of a more professional approach to facilities management, as reflected in the journals and professional bodies that have emerged in the past decade, suggests the time is perhaps right for an assessment of the scope of performance measurement of buildings, and the role of the facilities manager in the evaluation and feedback, which drive investigation towards measures that are more accurate in terms of what they measure, and how they measure.

Three Industry Tools

As part of a wider study on the scope of performance measurement of buildings, a literature review was carried out August / September 2001 to identify those tools which Prieser (1995) claims have been developed to systemise Post Occupancy Evaluation (POE). The search included EDRA32 proceedings, CIB W60, the respective websites of the tools examined, and a library search of books and journals on building evaluation. 

In the development of performance measurement systems, the importance of a feedback loop has been long established. POE is the process of obtaining this feedback; a set of methods for investigating the building in use. More recently, the term Building Performance Evaluation (BPE) has been adopted (Prieser, 2001; Szigeti and Davis, 2001) as a unified (and perhaps clearer) definition of the area. To provide a definition of POE for the purposes of this paper: POE is the assessment of the performance of a given environment, in day to day use, for the purpose of providing information on the real world (as opposed to theoretical) capabilities of that particular environment. 

As we mentioned above, building performance measurement emerged from the appraisal of buildings in use. Hence, this review is limited to tools that may loosely described as post-occupancy tools, in particular those tools and methods with an established track record within organisations. The review presented us with three tools that fit the criteria: Building Quality assessment (BQA); Serviceability tools and methods (STM) and the Post-occupancy Review Of  Building Engineering (PROBE) occupant questionnaire. In addition to these tools, it is worth mentioning the BREEAM award for its approach to building performance, although more concerned with environmental considerations, than with business support per se, though the BREEAM award is a performance based tool that has potential benefits for the business. Real Estate Norm (REN) was included in the initial review, but it is excluded in this instance, because it is not as comprehensive as the others, and doesn’t differ enough to warrant its own discussion. 

Building Quality Assessment

Essentially the BQA is a tool for assessing what a building provides in terms of facilities. It is useful in that it provides an at a glance schedule of its level of service provision that is perhaps of most interest to developers and owners of a building. The BQA provides a fairly comprehensive set of assessment factors, 138 in all, under 9 headings (Clift, 1996). The tool has been used as a consultancy tool in New Zealand (where it was developed), in Holland, and under licence in the UK.

The measurement procedure of BQA is by way of descriptive profiles indicating a level of provision. A UPS
 generator, for example, is either there or it isn’t, but there are also a set of intermediate conditions; a UPS generator may provide a full service, or supply emergency services only. Each of these criteria are described on a scale of 1 to 10, and the level of provision is assessed by a trained assessor.

In statistical language, this is an ordinal
 measurement, a useful way of carrying out a quick assessment of provision, perhaps for benchmarking purposes. But the BQA is silent on the intrinsic quality of the items that are being assessed, and therefore, the results could be quite misleading. How, for example are the longevity of the items under assessment to be included, how can lift performance be objectively assessed without inclusion of the users. These issues serve to demonstrate the limitations of this particular tool.

Use of a trained assessor might provide a degree of objectivity, particularly if that assessor is external. This, however, creates more of an audit scenario rather than performance measurement for the purposes of continual improvement. Though the data has scope for use in benchmarking exercises, the limitations noted above will apply. It takes a reported 2 days (Bruhns and Issacs, 1996) to conduct a BQA; it is this, and a fairly comprehensive set of factors that make the BQA an attractive proposition. The claim by Clift (1996) that the BQA ‘provides a common basis for measurement by different people’ must, however, be challenged. To provide a representative guide to the building quality requires experience and background knowledge that goes beyond the scope of the tool; this is by no means certain to be considered in the same light by different assessors.

Serviceability Tools and Method

The STM has been developed over a number of years in North America, and have been used to evaluate offices in the USA, Holland and New Zealand (DeJonge and Gray, 1996). STM is similar to BQA in some respects: descriptive scales (ordinal measurement) is used and descriptive criteria are used to provide a point of objective understanding between assessor and client. Similarly, the STM provides an assessment for matching supply and demand of offices, though in the case of STM, the factors are much more orientated towards fulfilling occupant requirements, including the management of the building in use (Change and churn by occupants). 

There are two parts to the assessment: setting occupant requirements, and rating the building. A two volume document (volume 1: methods, volume 2: scales) gives an exhaustive description of procedures (see Davis et al., 1993a&b). The results may then be compared to provide a focus on areas for improvement, or as a guide in a new build situation. This introduces a ratio measure, albeit ordinal in nature. Davis et al. (1993a) suggest this provides a way of  ‘quickly and economically setting building requirements in terms of functionality, quality and size; to rate and compare offices; and to help choose the best and most cost effective fit by quickly comparing functional requirements against the serviceability’.

In terms of comprehensiveness, STM provides 96 occupant requirement scales, and 115 serviceability scales (Davis et al., 1993c&d). Like BQA, the scales draw upon observable phenomena to provide the rating, and so suffer from the same limitations. STM, however, considers these features in more detail, typically considering four or five dimensions in a single scale. For example, ‘Lighting and Glare’ (Davis et al., 1993b) considers management, maintenance, and design issues: illumination level, visual defects, and glare) this demonstrates the depth of STM, and its scope for has for facilitating continuous improvement of the workplace.

The scope for objectivity is perhaps clarified in the approach to assessment in STM and BQA. Whereas BQA is essentially a consultancy exercise, STM, it is claimed, can be done by any appropriate person. Of course, the more detailed the descriptions of a building, the less likely it is to represent the situation in a real situation, so there is still room for ambiguity in the measurement, and for personal preferences and interpretations to play a role in the assessment.

Post-occupancy Review of Building Engineering… Occupant Questionnaire

For ten years the PROBE/BUS occupant questionnaire has been gathering data on occupied offices, and it is clear many of the findings have scope to contribute to the development of the preceding tools. Using one of the most common POE tools (the questionnaire) the PROBE studies have, perhaps by sheer volume of data, provided the most useful set of trends available on issues of user satisfaction. 

The PROBE study in its entirety also covers technical and energy performance issues (Bordass et al., 2001; Bordass et al., 2001a). The technical performance reports focus on how the building services interact with the users, and on manageability, maintenance, and control issues. The energy performance report provides a comparison of systems using a breakdown of energy consumption, estimated CO2 emissions. 

By using objective data in the technical and energy performance reports a number of useful benchmarks have been created that provide some assessment of the efficiency of various energy consuming systems. Combining these findings with the more subjective assessments of occupant satisfaction, manageability, and interaction with users affords an estimation of effectiveness of the systems by revealing more about the compensatory benefits of systems rather than giving a judgement merely on energy efficiency alone.  

As with the BQA, the PROBE/BUS occupant questionnaire is a commercially available, and may be applied under licence from BUS (Building Use Studies Limited, see www.usablebuildings.co.uk). The questionnaire focuses on exception reporting (Leaman and Bordass, 2001) which results in identifying buildings differences rather than their similarities, revealing an investigative approach, and a source of new measures.

The PROBE/BUS questionnaire covers 43 variables (Leaman and Bordass, 2001), which may be adapted to specific circumstances if need be (Leaman, 1996). The variables focus mainly on environmental comfort issues such as noise, temperature, and glare; these are correlated with management and behavioural issues such as perceived control, response of control systems, time at VDU, churn issues, and perceived productivity. The latter is perhaps the most controversial of the above, because it is difficult to estimate productivity for office workers, and self reported productivity estimates seem susceptible to the noise associated with questionnaire methods. 

Is there any conclusive statistical evidence that an average ‘healthy’ building does have effect on  productivity? It is common sense that poor temperature, noisy conditions, and glare on a computer screen will affect productivity to some extent, so it is therefore plausible that the estimates of the effect of comfort on productivity as: 12% best case, and –17% worst case productivity (Leaman, 2001) approximate the situation. Figure 1 below, provided courtesy of BUS, correlating overall comfort and quickness of response of systems.  The graph shows a significant positive correlation between the variables, though there are also a number of anomalies that confirm that these issues are multi-dimensional in nature. Perhaps the conclusion we can draw from this is that quickness of response does help, but we need also consider the limitations associated with questionnaires: the multiplicity of motivations that come into play when a person fills in questionnaire responses.


Figure 1, Leaman et al. (2001)

Not all the issues covered in the questionnaire are matters of perception, and not all matters of perception are unworthy of investigation. A number of observable sources of data are adopted, including Churn rates
, indoor and outdoor temperatures, and speed of response of systems and management (Leaman et al, 2001). In support of the use of perception data, the ‘real world’ approach to data collection affords more proximate, inexpensive, and available sources of data, which can be examined on a case by case basis. 

The outcomes of the PROBE studies go beyond statistical evidence and causal links. Bordass et al. (2002) acknowledges the statistical limitations of the studies, but these have been dealt with in reports discussing strategic implications. The outcomes have lead to discussions of the role of the building within the organisation, suggesting the strategic importance of the building to the organisation is not necessarily that high in many contexts (Leaman, 2001). The concept of occupant forgiveness (Leaman, 1997) was introduced as a way of understanding overall satisfaction despite problems evident in certain, but not all cases, where a visible attempt was being made to solve problems. Another tack on this subject is that occupants behaviour is often satisficing (Leaman and Bordass, 2001) rather than optimising, regarding their working environment, this has implications for building design: As a result, controllability (from e.g. openable windows) is removed and replaced with control strategies, often linked to computer-controlled automation, which are supposed to provide optimal conditions but seldom do with consistency. This is the design version of the optimising economic behaviour, which… has shown to be so rare in real life. (Leaman and Bordass, 2001, p133). This demonstrates how the introduction of management strategies to deal with building performance have come to the fore, but are still in need of development.  

The PROBE studies have a relatively long tradition, and work is now being conducted in New Zealand (Baird, 2001). The attempts to provide some systematic methods for POE, and the case study approach demonstrate both the expanding scope for understanding buildings in use.
Emerging Issues

The PROBE studies emphasise the problems encountered in trying to establish design principals from office behaviour, but findings on manageability have raised a number of design issues (see Bordass and Leaman, 1997). The studies highlight the lack of hard data, and the difficulty and expense of getting reliable, generalisable data in the field of buildings in use. Looking in affiliated fields such as environmental psychology (Canter and Donald, 1987), it is clear that the problem is not isolated. As with the BQA and STM, it is clear that approximate data is the best that is available for the time being. As with all branches of inquiry, the field will not advance without wider investigation, and dissemination of results.

In describing the PROBE occupant survey, it may have become clear that there is a distinct difference in approach to that of the other two tools. Whereas PROBE is about gaining new knowledge about the environment (exception reporting) STM and BQA attempt to map the existing (or proposed) building onto a pre-determined set of criteria, partly emerging from information gleaned from the PROBE, and other POE studies.

Cost of Performance Measurement

It has been mentioned in a number of POE texts (see, for example, Prieser, 2001) that the cost of a rigorous investigation can be as much as 40,000-60,000 US Dollars. A full PROBE study, inclusive of technical and energy performance is reported to be circa 8,000 UK pounds (Markus, 2001). Specific aspects of the PROBE study, for example the BUS questionnaire, are available under set conditions, for independent licensees to use.

The commitment of senior management to invest in studies is almost certainly required for successful performance measurement initiatives; as we mentioned earlier, this is usually driven by a demonstrable problem, rather than continuous and incremental improvement. The question seems to be: do building owners and occupiers see their built infrastructure as a necessary overhead or a value adding resource. 

In many ways, the future direction of performance measurement of buildings, and the future of systematic work based POE for facilities management rests on the outcome of the above question. Alternatively, behaviour may be encouraged by an outside agency e.g. the Government. Quality, and environmental awards may encourage participation, and the acquisition of data: increasingly in the case of natural resource consumption (Jaguar Cars, 2001) investment in monitoring equipment is made at the installation stage, as encouraged in the BREEAM award.

Implications for Facilities Managers

Consensus regarding who should conduct POE is divided, should it be the construction industry? The argument for a construction industry responsibility stems from the fact that POE may be interpreted as product feedback, hence, for approaching a building as a product with a view to continuous improvement, it would seem logical that the industry, in their own interests would take ownership. But the structure of the industry perhaps impedes this in a way that it doesn’t in manufacturing industries. The large proliferation of small and medium sized companies prevents this kind of activity on the grounds of cost; the larger organisations are the management specialists who would likely pass the responsibility to the designers. A search of the RIBA website revealed eight organisations that offered POE as a service; this represents the current industry effort to consider how buildings and their occupants interact.

From the building owner’s perspective, the question of motivation and resources needs to be answered. We have already alluded to the lukewarm interest shown by many clients. The tools we have discussed (possibly with the exception of BQA, which is administered under licence in the UK by Bernard Williams Associates) have scope for use internally by more progressive facilities management teams. The position of the facilities management in an organisation allow for the use of a deeper knowledge base of the organisations in question; access to sensitive data concerning the organisation; and scope for extended case studies that may provide an internal validity unavailable in quick and inexpensive visits.

Summary

The issues that have emerged from this review concerning the state of performance measurement of buildings are as follows:

· Scope for benchmarking building types is emerging through the STM and BQA. Caution must be advised, however, interpreting what these benchmarks mean. As yet, interval measurement has not been achieved, therefore, the benchmarks remain open to interpretation. 

· The increasing installation and use of electronic monitoring systems, have improved the scope for interval measures in certain areas, particularly energy consumption, giving an increased understanding of performance in use of these systems. The use of interval measures in the BREEAM award, are still not related to performance in use, which may be addressed in future. 

· Regarding cost, the findings of the RAE report (Evans et al., 1998) create the forum for discussion of the potential value of building and facilities management in relation to total costs. 

· There is scope for internal facilities managers to carry out studies; this may provide the means for development of the current set of tools providing some agreement on the use of data can be achieved.

· We are perhaps awaiting an opportunity cost approach in both the construction industry and amongst clients to realise the scope for buildings and their management to add value, or at least prevent value being impeded. 
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� A step-change can be defined as a change in approach that leads to renewed interest and research opportunities. Step-changes are probably recognised in hindsight.


� Uninterrupted Power Supply.


� Number of occupants / number of moves per year (expressed as a percentage)





� The main types of measurement can be summarised as follows: Nominal: an either/ or measurement, for example, on a thermometer, a nominal measurement would be recording a temperature above or below a certain level (say 50 degrees). Ordinal: a set of categories, using the same example, a given range might be 0-20, 21-40, 41-60, 61-80 and so forth. Interval: Still arbitrary, but to a more accurate degree, and measured at a known interval. Ratio: The measurement in relation to something else, such as degrees in relation to power output, or time. It can be seen that each of these types of measure are increasingly accurate, from a black/ white assessment to a relative assessment. This can give some idea of the reliability of measures made. 





