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In recent years many efforts had taken place in the construction sector in order to develop
process and IT maps. However, the subject of co-maturation between IT and the process has
not been given enough attention. This has often resulted in the development of impractical
solutions because of an apparent lack of balance between the IT and process capabilities. For
instance, some organisations in the construction sector have adopted the rapid prototyping
concept which is widely used within the manufacturing sector without even investing in 3D
modelling and VR technologies which are the most appropriate for this task. Paradoxically,
some organisations have invested in these technologies, but rapid prototyping is non existent.
This paper addresses the issue of co-maturation between the process and IT in order to
establish a balanced profile. The work is based on the CMM (Capability Maturity Model)
model which was developed by the Software Engineering Institute at Carnegie Mellon
University for the purpose of developing software for the US government, particularly to be
used by the Department of Defence. The CMM is a five-level model which include ad-hoc,
repeatable, defined, managed and optimised stages. The model is designed so that capabilities
at lower stages provide progressively stronger foundations for higher stages, reducing the
change management risks. Each development stage - or “maturity level” distinguishes an
organisation’s process or IT capability.
This paper builds on the work achieved within the generic design and construction process
protocol (GDCPP) which is being undertaken at the University of Salford. The main
contribution of this paper is a conceptual model of co-maturation between IT and process. A
synchronised IT/process model will be presented and discussed. This model is being
developed through knowledge obtained form the industrial collaborators of the GDCPP
project and data collected from ten large contracting companies in the UK dealing with
Design and Build projects.
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INTRODUCTION
The Capability Maturity Model (CMM) was developed by the Software Engineering Institute
at Carnegie Mellon University in order to manage the development of software for the US
government, particularly that which was to be used by the Department of Defence (Paulk
(1993), Humphrey (1987, 1991), and Johnson & Brodman (1997)). This paper considers its
application in terms of an analogy to software production capability maturity within the
context of IT and process co-maturation. The CMM model is also currently being used at the

University of Sussex in developing benchmarks for process positions across various industries
(Groak 1997). The research has also revealed that the CMM model has been used by
Karandikar et al (1992) in order to assess the process and technology readiness of companies
for implementing concurrent
engineering.
The CMM is a five-level model (see Figure 1) which includes: ad-hoc, repeatable, defined,
managed and optimised stages. The model is designed so that capabilities at lower stages (adhoc) provide progressively stronger foundations for higher stages (optimised), reducing the
change management risks. Each development stage - or “maturity level” distinguishes an
organisation’s process capability. The ad hoc capability level is recognisable by inconsistency
in Process operations, and generally ill-defined protocols for the operation or use of process
support tools (including IT) (Karandikar et al (1992)). At level 2 of the CMM model
(Repeatable), a process must rely on consistent project management approach and repeatable
practices. At level 3 (defined), standards should be used in order to consistently develop
quality information systems. Level 4 (managed) of the CMM model demands quantitative
controls and metrics for software development project performance. Finally, at CMM Level 5
(Optimizing), a framework for continuous software process improvement needs to be devised
and adopted. The key process areas for Levels 2 and 3 have been the most completely defined.
Since few organisations have been assessed to be at Levels 4 or 5 (Humphrey 1991, Kitson
1992), less is known about the characteristics of such organisations within the software
engineering context. The problem is compounded in construction as these organisations are
striving to develop measures within the first three levels of CMM. It also compounds the
problem with the construction industry search for a changed industry (at a level of maturity
which is currently undefinable) rather than a changing industry. This paper adopts the
Capability Maturity Model (CMM) in order to describe the co-maturation of the process of
design and construction and the IT that could be used to support such a process. The IT use is
addressed as a process and its maturity is evaluated.
Figure 1 shows the various stages of the CMM model together with the positioning of various
processes of a construction project and the IT that supports them. A stage called “emerging”
has been added to the CMM model. In the figure shown below, feasibility and facilities
management are positioned at the ad-hoc stage whereas construction is positioned at the
defined stage. This positioning is based on data collected from ten large contracting
companies in the UK dealing with Design and Build projects and from knowledge extracted
from the industial collaborators of the GDCPP project. It is clearly shown in Figure 1 that
construction is the most matured process in construction and has been positioned at the
“defined” stage as this process is relatively consistent and a set of procedures within most
construction organisations are followed to a large extent. In terms of maturity, design as a
process is more matured than feasibility and facilities management, but less matured than
construction. In terms of technology maturity, it is widely recognised in the construction
sector that applications such as project planning, accounting, CAD and cost control are more
matured than those of VR, 3D and knowledge-based. The maturity interface between process
and technology is the main theme of this paper and will be covered in detail.
As mentioned previously, the CMM approach was adopted for developing scenarios for
process and technology maturation. This helps in developing a methodology for the gradual
synchronised progression of process and technology within the construction sector. This paper
argues that too much is expected too soon in the construction sector. It also proposes the
maturation model approach in order to ensure that the industry is capable in undertaking the
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Figure 1 The CMM model and positioning of IT and processes.
necessary steps in the right direction through a sustainable continuous improvement and a
gradual change to its current practices. Sustainable continuous improvement must be a feature
of all the co-operating organisations in the design and construction process if the virtual
companies which operate on particular projects are able to continuously improve their
operating maturity - a necessity for whole industry evolution to be realised. Research being
undertaken at the University of Salford has managed to develop both IT and process maps for
the construction sector based on experiences learnt from the manufacturing industry
(Kagioglou et al 1998). These IT and process maps will be put under scrutiny in order to
assess whether it is feasible for these to be developed and adopted by the industry. In order to
facilitate this task, this paper attempts to show the inter-link between the process and
technology. The major aim of this paper is to define a potential synchronisation of IT and
process, which can firstly help locate individual organisations and the entire construction

industry within this complex environment and to describe the scope for strategically planning
individual organisation and whole-industry evolution in IT and process capability.
IT AND PROCESS CAPABILITY MATURATION
Conventionally, IT and process capability maturation is interpreted as relating to information
technology in the context of how IT can catalyse and/or support change. The argument put
forward in this paper is that not only does IT catalyse process change (and it can also stagnate
it), but construction IT is also catalysed (or stagnated) by process change. Synchronicity
between the process and the tools of the process (of which IT is one) results in process and
construction IT maturation (Hinks et al 1997)
This co-maturation is what takes the industry forward, initially at the level of the individual
organisation, and gradually through the consistent spread of process practices and applications
of construction IT at the level of the whole industry.
For a long time, efforts have been put into upgrading the available information technology (in
software and hardware terms), in its specialisation or customisation for use in the industry,
and the way in which construction operations are managed using IT. In broad terms IT &
process based developments have been sporadic, and current research requirements identified
by the industry lead bodies includes identifying the focal needs and priorities of construction
IT in relation to the process of construction (Aouad et al 1997). Some work has been done to
date on how information technology is or can be used to support the construction process, less
still has been conducted on the issue of how construction IT and process interrelate.
Figures 2 and 3 show respectively process and IT maps developed to support an improved
design and construction process as part of an IMI funded project at the University of Salford.
These maps have been used to position IT in relation to the design and construction process. A
conceptual maturation model based on both IT and process maps is developed to show the
current positioning of these two aspects.
The process map has been used to identify the various phases of a construction project
namely: pre-project, pre-construction, construction and post-construction. In addition subprocesses performed within these phases are identified and analysed in terms of process
maturity. On the other hand the IT map has helped in identifying technologies which can
support the process. These technologies have been classified under six main headings (Aouad
et al 1997) which are as follows:
• Simulation (e.g. what if, project simulation, economic appraisal)
• Integration (e.g. integrated databases)
• Communication (e.g. EDI, Internet)
• Intelligence (e.g. artificial intelligence, KBS, neural networks, case-based reasoning)
• Visualisation(e.g. VR, 3D)
• IT support (e.g. CAD, project planning, cost control)
These technologies and their corresponding elements have been used to develop the
synchronised process/IT models shown in Figures 4 and 5.

P
PROCESS protocol

DRAFT B : 27 August 1997

Revise
Project
Brief

Revise
Business
Case

Prepare
Concept Design
Brief

Prepare Outline
Concept Designs

HEALTH & SAFETY,
STATUTORY
AND LEGAL
MANAGEMENT

Inform on statutory
criteria and
regulatory issues

Establish
need for
a project

Prepare
outline
Business
Case

Prepare
Process
Execution
Plan

Prepare
Project
Brief

Undertake
Feasibility
Study
for each
option

Revise
Process
Execution
Plan

Feed

Feed

Revise
Project
Brief

Feed

Revise
Business
Case

Revise
CDM
assessment

Revise
Process
Execution
Plan

Revise
Project
Brief

Feed

Revise
Business
Case

Prepare
Maintenance
Plan

Revise
Process
Execution
Plan

Revise
Project
Brief

Revise
Process
Execution
Plan

Revise
Project
Brief

Finalise
Co-ordinated
Product Model

Revise
Business
Case

Revise
Process
Execution
Plan

Finalise
Project
Brief

HARD GATE

SOFT GATE

Manage & undertake
construction activities

Finalise
Business
Case

Manage on-site
resources & labour

Develop
Operational
Product
Model

Finalise
Process
Execution
Plan

F

Undertake
Post
Project
Review

Implement
Handover
Plan

Phase
Review
Report

Feed

Ongoing
review
of
Facilities
Lifecycle

Feed
back

Phase
Review
Report

Feed

Revise
and
implement

Manage
Health
& Safety

back

Phase
Review
Report

Feed

Start
enabling
works

Finalise
Health
& Safety
Plan

back

Phase
Review
Report

Feed

Monitor
Cost & Quality

Develop
Operational
Product
Model

Procure
work package suppliers

Revise
CDM
assessment

back

Phase
Review
Report

Revise
Business
Case

Revise
Maintenance
Plan

Produce
Product Model
(co-ordinated design)

Revise
CDM
assessment

back

Phase
Review
Report

back

Phase
Review
Report

back

Phase
Review
Report

back

back

Phase
Review
Report

Revise
Business
Case

Prepare
CDM
assessment

Prepare
Full Concept
Design

Ongoing
review
of
Facilities
Lifecycle

Monitor
Procurement

Finalise
Co-ordinated
Product Model

Produce
Product Model
(co-ordinated design)

Prepare
work
packages

PHASE NINE
OPERATION
& MAINTENANCE

Undertake
Post
Project
Review

Implement
Handover
Plan

Monitor
Cost
& Quality

Finalise
Cost Plan

Detailed
Planning
Approval

Inform
Design
Process

PHASE review

PHASE review

PHASE review

Prepare
Design
Brief

Prepare
Full Concept
Design

Finalise
Business
Case

Procure
work package suppliers

Prepare
Cost Plan
Revise
site and
environmental
issues

CONSTRUCTION

Finalise
Project
Execution
Plan

Revise
Procurement Plan

Prepare
Cost Plan
Revise
site and
environmental
issues

Post Completion Phase

PHASE EIGHT

EEDBACK TO OTHER PROJECTS VIA LEGACY ARCHIVE

FACILITIES
MANAGEMENT

PROCESS
MANAGEMENT/
CHANGE
MANAGEMENT

Revise
site and
environmental
issues

Outline
Planning
Approval

PRODUCTION
MANAGEMENT

PROCESS
MANAGEMENT

Define
key
systems
and
criteria

PHASE review

Prepare
Design
Brief

DESIGN
MANAGEMENT

Assess
site and
environmental
issues

PRODUCTION INFORMATION

Revise
Project
Execution
Plan

Revise
Procurement Plan

Revise
Procurement Plan

PHASE SEVEN

Finalise
Project
Brief

Revise
Business
Case

Revise
Project
Execution
Plan

Prepare
Cost Plan
Assess
site and
environmental
issues

COORDINATED
DESIGN, PROCUREMENT & FULL
FINANCIAL AUTHORITY

Revise
Project
Brief

Revise
Business
Case

Revise
Project
Execution
Plan

Prepare
Procurement Plan

Construction Phases

PHASE SIX

HARD GATE

FULL
CONCEPTUAL DESIGN

Revise
Project
Brief

Revise
Business
Case

Revise
Project
Execution
Plan

Assess
stakeholder
involvement

SOFT GATE

OUTLINE
CONCEPTUAL DESIGN

PHASE FIVE

PHASE review

Revise
Project
Brief

Revise
Business
Case

PHASE FOUR

HARD GATE

SOFT GATE

SOFT GATE

SUBSTANTIVE FEASIBILITY STUDY
& OUTLINE FINANCIAL AUTHORITY

Revise
Project
Execution
Plan

PHASE review

FEEDBACK FROM CURRENT & PAST PROJECTS

Undertake
Feasibility
Study
for each
option

Revise
Business
Case

Prepare
Project
Execution
Plan

PROJECT
MANAGEMENT

RESOURCE
MANAGEMENT

Prepare
Project
Brief

OUTLINE
FEASIBILITY

PHASE THREE

PHASE review

Prepare
outline
Business
Case

CONCEPTION OF NEED

Pre-Construction Phases

PHASE TWO

PHASE review

Establish
need for
a project

SOFT GATE

DEMONSTRATING
THE NEED

PHASE ONE

PHASE review

DEVELOPMENT
MANAGEMENT

PHASE ZERO

HARD GATE

Pre-Project Phases

Liaison
with
Process
Manager

USE & CREATION OF LEGACY ARCHIVE

P

Liaison
with other
Activity
Zones

The PROCESS protocol
can be used to meet the
time demands of all projects:

The rigorousness of
the protocol should
ensure that the project
achieves it's objectives.

Soft Gate phases
may be enacted
concurrently...
Phases 0-3, 4-5 and 7-8

Figure 2 The GDCPP process map

or sequentially.
Phases 3-4 and 5-7

Phases 8-9

PROCESS protocol
EPSRC IMI Generic Design & Construction Process Protocol
University of Salford
Alfred McAlpine Construction
Engineering Technology
BAA plc
B.T.
EDM Architects
Waterman Partnership
Boulton & Paul Ltd.

P
DRAFT B: 13 October 1997

PROCESS protocol

COORDINATED
DESIGN, PROCUREMENT & FULL
FINANCIAL AUTHORITY

PRODUCTION INFORMATION

DEVELOPMENT
MANAGEMENT

PROJECT
MANAGEMENT

Economic Appraisal
&
Risk Analysis

Post Completion Phase

PHASE EIGHT

PHASE NINE

HARD GATE

FULL CONCEPTUAL
DESIGN

PHASE SEVEN

SOFT GATE

OUTLINE
CONCEPTUAL
DESIGN

PHASE SIX

HARD GATE

SUBSTANTIVE FEASIBILITY STUDY
& OUTLINE FINANCIAL AUTHORITY

Construction Phase

PHASE FIVE

SOFT GATE

PHASE FOUR

HARD GATE

OUTLINE
FEASIBILITY

PHASE THREE

SOFT GATE

CONCEPTION OF NEED

Pre-Construction Phases

PHASE TWO

SOFT GATE

DEMONSTRATING
THE NEED

PHASE ONE

SOFT GATE

PHASE ZERO

HARD GATE

Pre-Project Phases

Liason
with
Process
Manager

CONSTRUCTION

OPERATION
& MAINTENANCE

3D Modelling/Visualisation
Virtual Reality

Artificial Intelligence
(neural networks)
Cost Planning

RESOURCE
MANAGEMENT

Robotics

Resource
Management

POST PROJECT review

Project
Planning

PHASE review

Project
Planning
PHASE review

Constructability/
Usability
Modelling

Cost Control
PHASE review

2D C.A.D.

PHASE review

PHASE review

Multi-media
applications

PHASE review

PHASE review

Project Simulation

PHASE review

HEALTH & SAFETY,
STATUTORY
AND LEGAL
MANAGEMENT

PHASE review

FACILITIES
MANAGEMENT

3D Modelling
Case-Based Reasoning/
Rule based systems
(creativity enhancement)

FEEDBACK TO OT H

PROCESS
MANAGEMENT
FE

FE

FE

FE

FE

FE

FE

FE

FE
E

FE
E
ACK
DB

ACK
DB

BACK
ED

BACK
ED

BACK
ED

BACK
ED

BACK

BACK
ED

ED

BACK
ED

BACK
ED

PROCESS
MANAGEMENT/
CHANGE
MANAGEMENT

ER PROJECTS via LEGACY ARCHIVE

FEEDBACK FROM OTHER PROJECTS

PRODUCTION
MANAGEMENT

Virtual Reality

Productbased
CaseRetrieval

DESIGN
MANAGEMENT

ONGOING PHASE REVIEW PROCESS

Progress Reporting
"As-Built" Model Generation

"What-If?" Analysis

USE & CREATION OF LEGACY ARCHIVE

Liaison
with other
Activity
Zones

Process-Wide IT Application
Document Management Systems

Electronic Data Interchange
Artificial
Intelligence

Figure 3 The GDCPP IT map

P
Integrated Databases

Inter/Intranet Applications

EPSRC IMI Generic Design & Construction Process Protocol
University of Salford
Alfred McAlpine Construction
Engineering Technology
BAA plc
B.T.
EDM Architects
Waterman Partnership
Boulton & Paul Ltd.

As mentioned earlier, this paper uses the developed maps to identify some processes and
information technologies that can be analysed in terms of maturity. A full description of these
two maps can be found in Cooper et al (1998), Kagioglou et al(1998) and Aouad et al (1998).
The diagram shown below (idea adopted from karandikar et al 1992, for a different scenario)
shows the process and IT maturation based on the CMM framework. It is clearly shown on
the diagram that there is an apparent lack of balance in terms of process and IT maturation. It
is evident that some corrective measures are required in order to establish a balanced IT and
process at any level. Maturation occurring at higher levels is, however, more beneficial.
In construction and unlike manufacturing, it is not very well understood what needs to be
done at the pre-project phase. This is why the maturity level is shown to be at the ad-hoc
stage. The same could be applied to the post-construction stage. However, the maturity of
these phases could be improved dramatically through the introduction of process thinking and
new procurement systems such as partnering and Private Finance Initiative in the UK. With
regards to technology, IT support applications such as accounting, CAD and project planning
have been placed at the defined stage whereas technologies such as communications and
integration have been placed at the ad-hoc stage. However, it is also true to say that recent
developments within standards (particularly work being done within the IAI) will help such
technologies to improve their maturities in a short time scale.
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Figure 4 A high level synchronised process/IT model

Comm unications

The problems associated with IT are related to its uptake which has been apparently relatively
uncoordinated and its strategic application appears to have been determined by the availability
of it rather than its suitability. Evidence exists of unsuitability of IT systems causing
dysfunctionality in the process infrastructures which they are expected to support. It is evident
that the uptake of IT systems by the industry systems has been broadly technology led, with
the industry using basic communication tools in a widespread (but not comprehensive)
manner, and that the application of particular industry specific tools is more localised,
probably because of communication problems.
In part this is due to a lack of understanding of the way in which organisations and their
operational and managerial processes operate, compounded by the lack of appreciation of how
information technology supports them; at a more sophisticated level of analysis, the
organisational capability and maturity of a company (or industry) is related to a number of
issues including the role of process management and information systems in their maturation.
Figure 5 shows a detailed model of process and specific IT maturities based on its current use
by the industry within a project context. The model shows similar patterns in terms of unbalanced maturity which will result in communication problems. It is surely desirable to have
a balanced profile of maturity even if it occurs at the ad-hoc level. The model is based on
expressed views about the maturity of processes and technologies. The information about
maturity was elicited from the industrial collaborators of the GDCPP project through a series
of workshops. However, an industry-wide study would help in establishing a more accurate
picture on the current level of processes and IT within the construction sector.
An emerging process or technology will go through the process of refinement/ improvement
in order to reach level 5 (optimised). A process can mature to a certain level when the
corresponding technology is within the boundaries of that level. For instance, a rapid
prototyping process can only co-exist with the enabling technologies such as VR, 3D
modelling, etc.
Creating an appropriate interface between construction IT and Process is a matter of designing
the IT introduction and application to suit the existing process capability - which in turn
requires a realistic perception of the relevant process capability maturity. In a multidisciplinary organisation, the disparity in localised professional capability maturity makes
this a difficult and sensitive issue in the strategic management of change. Construction IT
evolution has generally followed a steeper gradient of maturation than process (if measured
against a notional time line). This has frequently translated into an IT-Process capability
maturity gap, behind which lies localised (micro) and whole industry (macro) variations in
IT/ Process capability maturity.
The conceptual interface model between IT and process once developed can be used as
maturity IT/process health check audit which can help construction organisations in defining
their strategies in the next decade. This will contribute to the study conducted by the
Construct IT centre of excellence on IT health check for construction organisations and add a
new dimension which might help organisations to uptake and adopt this IT health check
approach (Shafagi and Betts, 1997).
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Figure 5 A detailed synchronised process/IT model

CONCLUSIONS
This paper presented initial views on how process and IT can be inter-related in a maturity
model. The work is still in its infancy. This paper presented a framework for maturity in order
to bring discussions for this important subject. The model can be used aa a positioning map
by organisations in order to identify areas within the process and IT that need particular
attention. To make the work presented in this paper generic, it is essential to have a set of
guidelines for process and IT maturity in construction. Also, it is necessary to use large
sample of projects and organisations in order to provide the statistical validity required for
this type of work.
This paper outlines a conceptual model for co-maturation between IT and process maturity at
the project level. This phenomenon can be applied to the strategic planning of maturation at
the level of the organisation in connection with the adoption and integration of IT within the
existing processes and as facilitator for new developments in process practice. With a
collective vision of process practice for the whole industry the local improvements in process
may synergise to produce the phase change required and expected by the industry as a whole.

An improved relationship within the industry and between the industry and its clientele
requires a change in process and contractual arrangements. All need to be changed in
synchronicity if there is to be a significant change in culture necessary to sustain new industry
attitude. The process itself is reliant upon information technology - largely a lack of
information technology and lack of application currently. What is clear is that information
technology or process change cannot solve the industry problems alone, but may do in
concert. This paper is about how the phenomenon of concerted change, or synchronicity
between two of those key facets may operate - information technology and process
maturation. Other elements of a systemic synchronicity such as relationships within the
industry and between the industry and its clientele and the inter-related issue of process are
also important, and will be discussed in more detail in other papers.
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