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ABSTRACT 
Construction industry reports by Latham [1994] and more recently Sir John Egan 
[1998], have highlighted the need for the construction industry to increase 
productivity, improve quality and reduce defects. In particular, the Egan report urged 
the industry to focus on construction processes as route to these improvements. 
However, the industry has not had a recognised framework or methodology to base a 
process improvement initiative on. 
SPICE is a current research project that is developing an evolutionary step-wise 
process improvement framework for the construction industry. The research has 
drawn specifically on the Capability Maturity Model (CMM) which has been used 
successfully in the IT sector by clients for supplier assessment and by suppliers for 
process improvement. 
This paper begins by introducing the SPICE concepts and research to-date which has 
investigated the validity of the framework and the suitability of the assessment. 
The paper then goes on to describe four case studies that have been conducted as part 
of the research. 

 35



INTRODUCTION 
In recent times, the construction industry has been under ever increasing pressure to 
deliver a service of consistent quality and increase its productivity. However, the 
targets set back in 1994 by Sir Michael Latham in his industry report 'Constructing the 
Team' [Latham 1994], have yet to be fully realised. The subsequent report in July 
1998 by Sir John Egan [Egan 1998] emphasised the call for productivity 
improvements and in particular, urged the industry to focus on the construction 
process. Hammer and Champy [1993] support this view by suggesting that it is no 
longer enough for organisations to do traditional tasks better, but rather recommend 
that the old "individual-based task-oriented" management concept be discarded 
completely and replaced with a "team-based process-oriented" management concept. 
However, the industry has lacked a recognised methodology or framework to improve 
its processes. Until now, organisations that have attempted various improvement 
initiatives without guide-lines have found that the efforts are often isolated and 
benefits cannot be repeated or co-ordinated. The industry has been unable to 
systematically assess construction process, prioritise process improvements, and direct 
resources appropriately. Moreover, the absence of a standard process model has meant 
that it has not been possible for companies to benchmark and measure their 
performance with time or relative to other organisations. 
 
SPICE 
Structured Process Improvement for Construction Enterprises (SPICE), is research 
project that is currently nearing the conclusion of its two year research programme.  
The project is developing a construction industry process improvement framework. 
Evidence from other sectors [Imai 1986, Paulk 1993] has shown that continuous 
process improvement is based on many small, evolutionary steps, rather than 
revolutionary measures. With this in mind, the SPICE framework is based on a model 
containing a series of evolutionary steps. The philosophies of Joseph Juran [1988] and 
W. Edwards Deming [1986] advocate that real process improvement must follow a 
sequence of steps, starting with making the process visible, then repeatable, and then 
measurable. This approach to process improvement has been widely used in the other 
industries and the research draws on the extensive experience of the IT sector. 
Specifically, the research focuses on the use of the Capability Maturity Model (CMM) 
[Paulk1993, Saidian 1995]. The US Department of Defense commissioned Carnegie 
Mellon University to develop this framework to provide them with a means of 
assessing their software suppliers. However, not only was it a successful 
benchmarking tool, suppliers implementing the framework found that it delivered 
significant business benefits. For example, Hughes Aircraft (USA) reported a 5:1 ROI, 
and Raytheon (USA) achieved a 7.7:1 ROI and 2:1 productivity gains [Saiedian 
1995]. Industry analysis by J. Herbsleb [Herbsleb 1994] showed that companies 
implementing CMM achieved an average of 35% productivity improvements and an 
average of 39% post delivery defect reduction. The SPICE research sets out to 
investigate whether the model can be successfully utilised in the construction industry 
with a view to ultimately delivering similar results. If so, then significant progress 
would be made in answering Sir Michael Latham’s call for a 30% reduction in costs 
and zero defects on a construction project. 
The SPICE project aims to tailor the original CMM framework into a construction 
specific maturity model. Studies by Lillrank [1995] show that the transfer of 
innovation across countries (and industries) cannot take place in their original 
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packaging. The core idea of an innovation must be abstracted and then recreated in a 
form which fits local conditions. 
The SPICE framework comprises two elements. The model itself, and the assessment 
mechanism by which an organisation is assessed against the model. 
 
The SPICE Process Improvement Framework 

Figure (i)- The SPICE Process Improvement |Model 

 
The SPICE model is based on five evolutionary steps of process maturity [Sarshar 
1998]. The framework organises these steps into levels or 'plateaus' that lay successive 
foundations for the next level. Each level comprises a set of key processes that, when 
satisfied, stabilise an important part of the construction process. The levels define a 
scale by which the maturity and capability of a construction organisations processes 
can be measured. By establishing their position on the scale, priority areas for process 
improvement efforts can be identified. 
The model states that little value is added to the organisation by addressing issues at a 
higher level if all the key processes at the current level have not be satisfied. 
In general terms, the levels can be characterised and distinguished as: 
Level 1, Initial- The processes are characterised as ad hoc, and occasionally even 
chaotic. Few processes are defined, and success depends on isolated effort. 
Level 2, Repeatable- Basic project management processes are established and 
repeatable. The necessary process discipline is in place to repeat successes on 
previous projects. 
Level 3, Defined- The processes for all activities are documented, standardised, and 
integrated into the organisation. All projects use an approved, tailored version of the 
organisation's standard process. 
Level 4, Managed- Detailed measures of the processes and product quality are 
collected. Both the processes and products are quantitatively understood and 
controlled. 
Level 5, Optimising- Continuous process improvement is enabled by using feedback 
from the processes to pilot innovative ideas and technologies. 
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To date, the research has focused on the lower levels of the model and specifically on 
Level 2. The Key Process Areas for Level 2 are listed below, together with a brief 
description. 
 Brief/Scope of Work Management - Establishes a common understanding of the 

project requirements between the client and the project team. 
 Project Planning - Establishes realistic plans and programmes of work for all 

activities during the project. 
 Project Tracking and Monitoring - Ensures that there is an awareness of actual 

project performance so that management can take corrective actions when the 
project's performance deviates significantly from the plans. 

 Sub-contract Management - Involves selecting a suitable subcontractor, 
establishing commitments, and tracking and reviewing their performance and 
results. 

 Project Change Management - Tracks revisions to the project by assessing and 
controlling the impact of any changes and informing all relevant members of the 
project team. 

 Health & Safety Management - Ensures compliance with all current health and 
safety legislation in relation to design, construction and facilities management. 
Health and safety risks are identified, assessed, and action is taken to eliminate or 
minimise the probability of occurrence. 

 Risk Management - Identifies, assesses, monitors and mitigates risks. 
 Project Team Co-ordination - Draws on the experience of other organisations 

within the project team in order to effectively meet project requirements. 
 
The SPICE Assessment Mechanism 
The SPICE assessment procedure assesses each of an organisations key processes 
against five 'Process Enablers' defined by the framework. The Process Enablers 
provide guidelines and focus on results that can be expected to be achieved from a key 
process. This is a forward-looking approach that indicates process capability before a 
process takes place. They provide detail of features that a key process must posses in 
order to yield successful results. Ensuring that all the process enablers are in place, 
improves the performance and predictability of the key processes. The Process 
Enablers are common across all the key processes and each enabling feature must be 
satisfied for a process to be considered mature. These Process Enablers are itemised 
below.  
 Commitment - This criterion ensures that the organisation takes action to ensure 

that the process is established and will endure. It typically involves establishing 
organisation policies. Some processes require organisational sponsors or leaders. 
Commitment to perform ensures that leadership positions are created and filled 
and the relevant organisational policy statements exist. 

 Ability - This describes the preconditions that must exist to implement the process 
competently. It normally involves adequate resourcing, appropriate organisational 
structure, and training. 

 Verification - This verifies that the activities are performed in compliance with 
the process that has been established. It emphasises the need for independent 
verification by management and quality assurance. 

 Evaluation - This describes the basic internal process evaluation and reviews that 
are necessary. These internal evaluations are used to control and improve the 
processes. During the early stages of maturity, this translates into efforts by the 
team to improve their existing processes. 
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 Activities - This describes the activities, roles and procedures necessary to 
implement  processes. It typically involves establishing plans and procedures, 
performing the work, tracking it, and taking corrective action as necessary. 

 
The Assessment Procedure 
Initially, a questionnaire is issued to a cross section of staff from all disciplines and 
corporate levels within the assessment group. The responses to this questionnaire are 
used to identify patterns and recurring themes and give the assessors indications of the 
organisations process strengths and weaknesses. They also provide direction for the 
assessors to base a programme of interviews. A smaller sub-set of staff is chosen from 
the original questionnaire sample and these are interviewed individually or in 
functional groups. A minor document review is then also performed to find 
collaborative evidence to support any findings from the questionnaires or interviews. 
The data from all three sources is then analysed by the assessors to establish the 
perceived maturity of each key process area. The assessors support their findings 
using a 'tracability matrix', whereby each finding can be substantiated by evidence 
from multiple sources. The findings are then documented in a final report and the 
results can be condensed and displayed on a matrix as in Figure (iii). These findings 
are then presented at workshop with the assessment participants to discuss 
recommendations and an improvement plan. It is then the responsibility of the 
organisation to take the proposals forward. The SPICE assessment procedure is shown 
below in Figure (ii). 
 

Key Process Areas (Level 2)

Figure (ii) - The Spice Assessment Procedure 
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Figure (iii) - Example of an assessment results matrix 
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REARCH METHODOLOGY 
The research approach employed can be classified as a ‘testing-out research’ due to its 
nature. This approach operates by finding the limits of previously proposed 
generalisations (in this case from the software sector) and, subsequently, specifying, 
modifying or clarifying their content [Starke 1995]. 'Testing-out' research has to be 
carried out in ‘real world’ conditions where the kind of control present in a laboratory 
is not feasible and not even ethically justifiable. Thus, a case study research strategy, 
with multiple case study design, was adopted. 
A review of existing process improvement literature was performed with specific 
reference to the original CMM. Significant research has been documented for other 
industries such as manufacturing and IT. However, with notable exceptions 
[Kagioglou et al, 1998], the authors found very little documented evidence of 
construction process research. 
A steering group of 7-8 practitioners and academics lead the research by developing 
the theoretical propositions which the core research team would investigate. At this 
point, it is generally acknowledged that there are large gaps between industrial 
perspectives and requirements, as opposed to the academic outlook [Brandon 1999, 
Gill 1986]. The SPICE project directly addresses this balance by conducting the 
research in close collaboration with several industrial partners and with support from 
the DETR. 
Research findings are continuously verified by dissemination and exchange of ideas 
with industry representatives. These findings culminate in a bi-annual presentation to a 
'panel of experts' workshop where 30-40 senior academics and industrialists provide 
discussion, feedback and future direction. The theoretical proposals are further refined 
and validated by industry questionnaires and during four industry case studies. Figure 
(iv). shows the project's iterative approach and output. 
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Figure (iv) Research Methodology 
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Questionnaire and Pilot Study 
During the early stages of the research an industry questionnaire and a pilot 
assessment were performed. Their main purpose was to establish the relevancy and 
appropriateness of the subject area in the construction industry and to refine and 
develop the framework before entering into a 'live' case study environment. The 
limited nature of the studies prevented any detailed analysis at this stage but provided 
useful indications of industry perceptions of the topic area. 
The questionnaire was a tailored version of the original CMM questionnaire [Paulk 
1993] with minor modifications. 'Software' was replaced with 'Construction' and 
changes were made to the questions and process definitions in order to make the 
terminology relevant to the construction industry. An assumption was made at this 
stage that the majority of the selected organisations would have little experience of 
process maturity and hence, these organisations were likely to reside at the lower 
levels of the SPICE maturity framework. As such, the questionnaire was constructed 
to include questions for levels 2 and 3 only.  
The questionnaire was then sent to 80 industry recipients. The target audience was 
from a broad disciplinary cross-section of the industry and from a mixture of large 
organisations and small to medium enterprises. It also included representatives from 
clients and suppliers in order to capture both an internal and external perspective.   
32 individuals responded to the questionnaire, a response rate of 40%. The responses 
to the questions and comments showed that the subject area was understood and 
appropriate. However, it was apparent that further modification to the terminology 
would be required in order to make the framework construction specific. The 
responses also confirmed the relevancy of the level 2 and 3 key process areas (KPA) 
specified by the model. When asked to rate the perceived importance of each key 
process area on a scale of 1-5, each KPA rated 4 or 5.   
The pilot assessment took the form of a much reduced CMM assessment.  
The findings of the initial studies are as follows: 
 
 Construction participants generally understood the issues addressed in the CMM 

questionnaire. 
 The assessors (from the IT industry) could relate to, and interpret the pattern of the 

responses (in a construction company). The responses reflected some 
organisational characteristics, which are also encountered in software development 
organisations. 
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 Organisation culture and communications issues in construction are similar to 
those encountered in software development organisations. 

 Process capability characteristics are broadly similar to that in the software 
industry. 

 Systematic quality management, change management and other project control 
mechanisms would have similar benefits in the construction industry, to those 
anticipated in the software industry. 

 
Some of the differences between the construction and software development 
industries, which were noted by the IT management consultants were that: 
 
 In construction, professional qualifications, customs and working practices are 

better established. 
 In construction industry standards and data are more readily available. 

 
Case Studies 
The research team has undertaken four case studies in ‘live’ construction 
environments as detailed below. 
 
Case Study Organisation Contract Scope of Assessment No. of Staff 
One Large Contractor Large PFI Single Project Team 12 
Two Large Contractor Medium sized 

Design & Build 
Single Project Team 15 

Three Small Architect (<50) - Whole Organisation 4 
Four Partnered Delivery Team Design & Build 

Partnership 
a) Management Team (inc. 
Design) 
b) Project Team 
c) Specialist Contractor (x2) 

 
      32 

s
 

 

Table 1. - Case Study Profile
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In each case, the organisational unit was assessed against level 2 of the SPICE 
framework.  
The objectives were to further refine and develop the framework by: 
 Identifying any process issues not already addressed by the framework; 
 Testing the suitability of the assessment mechanism in a construction environment 
 Testing the effectiveness of the assessment mechanism by determining if any of 

the recommendations derived are meaningful; 
 Capturing experiences of the project team that would benefit development of the 

framework 
 
Case Study 1 
Case study one was a £6 million design and build fit-out project late in its construction 
phase. 12 members of the project team were involved in the assessment across 
disciplines and from senior management to site operatives. The assessment found that 
the project management processes such as project planning, project tracking and 
monitoring and sub-contract management were in place and generally well managed. 
However, virtually no evaluation of project processes was despite staff being able to 
identify inefficient processes, and in some cases, suggest improvements. Many of the 
design control procedures were weak or not in place. "Commercial Risk Management" 
and "Project Team Co-ordination" were not adequately implemented. The assessment 
also identified cultural issues not specific to the model. The team as a whole had an 
open culture, but project goals were not communicated throughout the team. Good 
work and project successes were not recognised or rewarded and this often 
demotivated staff.  
 
Case Study 2 
Case study two was a £55 million Private Finance Initiative design and build project at 
mid-construction phase. 15 members of the project team were involved in the 
assessment across disciplines and from senior management to site operatives. The 
assessment found that general project management processes were well managed. Not 
only were the processes well planned and documented at the commencement of the 
project, there was also evidence that they were practised and validated during the 
project. The major weakness identified was similar to case study one, the processes 
were not periodically reviewed, evaluated and improved during the project. Some 
managers were of the opinion that the time and resource constraints of a live project 
prevent improvement activities. Senior management dismissed this view. A workshop 
was held to develop improvement proposals. However, since the majority of the Key 
Processes defined by Level 2 were satisfied, the recommendations of the assessors 
was for the organisation to focus on Level 3 issues of the model. 
 
Case Study 3 
The previous two case studies were conducted in a large organisation. This case study 
provided the opportunity to test the assessment tool on a small to medium sized 
organisation of less than 50 staff. This reduced size also allowed the whole 
organisation to be assessed and not a single project as before. This case study was 
performed in a small firm of architects and also allowed the framework to be 
implemented for the first time in the design function as opposed to the construction 
operation as before. Four members of the practice were involved in the assessment, 
including project architects, technicians and a director. 
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It was found that it was still feasible to perform an assessment with limited 
participants in an organisation of this size. Although there were fewer staff, each 
performed more than one function and therefore from their evidence it was still 
possible to develop a meaningful process maturity profile. The assessment also 
confirmed the key process areas as relevant for construction design activities. 
A document accurately detailing company procedures, roles and responsibilities 
existed. However, this document had neither been implemented nor communicated to 
the staff. As a result, it was found that many of the key processes were improvised and 
thus were inconsistent through the office. This reduced management visibility into 
individual projects and made the monitoring of projects more difficult.  
 
Case Study 4 
Case study four was performed in a partnered supply chain environment. This took the 
form of four separate assessments analysing a project management team, a site based 
project team and two specialist contractors. 34 participants in total were involved in 
the assessment selected as a broad cross section as in previous studies. The assessment 
found a comprehensive documented construction process document in place. It clearly 
defined procedures and identified roles and responsibilities within the team. A high 
'process awareness' existed within the organisation. However, since the original 
process was introduced, the team had innovated and improved their working methods 
and the documented process no longer reflected the current mode of working. As a 
result, although the majority of the management processes were clearly understood 
and performed, the ability to validate and evaluate these processes was poor. Thus the 
potential for continuous improvement was also weak. The team also had a strong 
existing focus on technical processes and their continuous improvement. Productivity 
gains had already been achieved through this initiative but anecdotal evidence 
suggested that over time, improvement opportunities were becoming increasingly 
difficult to find. During attempts to identify potential technical process improvements, 
staff increasingly found that inefficient technical processes were inextricably linked to 
weak management processes. It was felt that future productivity improvements could 
be found in tighter control of the management processes. The case study confirmed 
that the management processes referred to closely mirrored those key process areas of 
the SPICE model. 
 
REVIEW OF THE SPICE FRAMEWORK 
The case studies highlighted the following issues that the research team has 
incorporated into the framework. 
1) The terminology used in the framework requires more refinement to make it 
familiar to construction professionals. This is being addressed as on-going activity in 
collaboration with industrial partners. 
2) Many problems associated with any phase of a construction project are often 
inherited from a previous phase. ie. Pre-construction to construction or construction to 
commissioning and maintenance. To gain an entirely accurate project/organisation 
profile, it is necessary to assess at all stages of the project life-cycle. 
3) "Health & Safety Management" was identified as a key process. This is not 
contained in the original CMM as it is of minor importance to the software industry. 
However, it was highlighted as of major importance to the construction sector and it 
has been included in the model. 
4) The "Risk Management" key process is often confused with health and safety risk 
assessments. The definition has been clarified. 
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5) During construction phase, "Brief /Scope of Work Management" loses much of its 
meaning as the brief has already been defined and established during a previous phase. 
Similarly, "Project Change Control" takes on increased importance at this phase since 
modifications to the brief occurring subsequent to it being established are processed as 
changes. 
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