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Preface 

Background and Introduction 
The construction industry is primarily characterised as a craft-based one producing one of a kind 
products and services. Other manufacturing sectors such as aerospace and automotive sectors in 
comparison primarily rely on standardised components that can be configured and assembled to 
provide a specific product or service. 

Open building manufacturing is an attempt to bring some of the salient features of efficient 
manufacturing to the construction sector. This should allow for significant savings in 
construction and maintenance costs, fewer errors and rework, more choices and value to the 
customer, new products and services that can be configured and assembled in mobile factories at 
construction sites, etc., as is reported in different chapters in this book.  

The ManuBuild project is leading European efforts in the open building manufacturing area 
through the creation of an Open Building Manufacturing System, a new paradigm for building 
production by combining ultra-efficient manufacturing in factories and construction sites, and an 
open system for products and components offering diversity of supply in the open market. 

The ManuBuild Project 
ManuBuild - "Open Building Manufacturing", is an industry-led collaborative research project 
on Industrialised Construction, part-funded by the European Commission. Commencing in April 
2005, it is a 4-year project involving 22 partners from 8 countries across Europe. 

The ManuBuild vision is of a future where customers will be able to purchase high quality, 
manufactured buildings having a high degree of design flexibility and at low cost compared to 
today. For the first time, inspirational unconstrained building design will be combined with 
highly efficient industrialised production.  

Open Building Manufacturing:  
Key Technologies, Applications, and Industrial Cases 

This book, “Open Building Manufacturing: Key Technologies, Applications, and Industrial 
Cases” is the second book launched by the ManuBuild project consortium to follow-up its first 
book entitled, “Open Building Manufacturing: Core Concepts and Industrial Requirements”. The 
aim of this book, “Open Building Manufacturing: Key Technologies, Applications, and 
Industrial Cases” is to showcase some of the recent developments in the area of open building 
manufacturing.  

The portfolio of chapters in this book present new ways of industrialised building design, value-
oriented industrial building concepts, future-proof infrastructure design, learning environments, 
and a set of industrial cases studies covering: innovation and new construction practices; flexible 
and innovative manufacturing; industrial management approaches for improving building service 
works; and industrialised low-cost housing. 
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Content Structure 
The chapters presented in this book have been organised around a common content presentation 
structure to foster ease of reading and understanding. Typically, each chapter features sections on 
industrial context, problem definition, key requirements, open building manufacturing solutions, 
approach, analysis, key findings, business impacts, a set of conclusions, and most importantly, a 
set of practical tips. 

AnalysisAnalysis
Detailed analysis and discussion of the 

topic(s) addressed by the chapter

BackgroundBackground

ApproachApproach
Tools, techniques, and methodologies used for 

the investigation and analysis of the topic 
addressed

ApproachApproach
Tools, techniques, and methodologies used for 

the investigation and analysis of the topic 
addressed

Industrial Context Problem
Background information on 
the topic addressed from an 

industrial perspective

Description of the problem(s) 
that the chapter addresses

Industrial Context Problem
Background information on 
the topic addressed from an 

industrial perspective

Description of the problem(s) 
that the chapter addresses

Results and Business ImpactsResults and Business Impacts
Key Findings Business Impacts

Main findings from the 
analysis including barriers & 
enablers of success/failure

Verified and/or potential 
business impacts based on 

topic analysis

ConclusionsConclusions
Description of the issues addressed, reflections 
on the solutions identified, and identification of 

important emerging issues for further exploration

ConclusionsConclusions
Description of the issues addressed, reflections 
on the solutions identified, and identification of 

important emerging issues for further exploration

Practical TipsPractical Tips
Practical tips and lessons learned from the chapter. These 

are the main takeaways and nuggets for the reader

Practical TipsPractical Tips
Practical tips and lessons learned from the chapter. These 

are the main takeaways and nuggets for the reader

Potential SolutionPotential Solution
Key Requirements Open Building Manufacturing

Identification of key 
requirements expected from 

solution.

How Open Building 
Manufacturing can be used to 
solve the industrial problem(s)

 
Overview of Chapter Structure and Content Flow 
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Portfolio of Book Chapters 
  

Newways: An Industrialised Kit of Parts 
A.Fuster, A. Gibb, K. Beadle, S.Austin, and P. Madden 
 
This chapter reports on research exploring the adaptability of complex, framed, 
non-domestic buildings, through both academic research at Loughborough and 
practical real-life applications such as GlaxoSmithKline’s (GSK) Newways pre-
configuration strategy. Newways is the development of an on-demand delivery 
supply-chain of mass-customised operational facilities, capable of deploying 
assets into GSK up to eight times faster than existing processes.   

 

 

Value-Oriented Industrial Building for a Sustainable 
Future 
S. van Nederveen, W. Gielingh, and H. de Ridder 
 
This chapter explores three main themes: value orientation, industrialisation and 
open building manufacturing, and, life cycle orientation and open building 
manufacturing. It advises on exploring opportunities for remanufacturing of 
building components in other building facilities when the host building facility no 
longer needs them, or is no longer used. The chapter advocates extending the 
concept of open building manufacturing to open building remanufacturing.   

 

Evolvable or ‘Future-Proof’ Infrastructure Design: 
Integrating Modularity and Safeguards 
N. Gil 
 
This chapter advocates understanding the importance of modularity as a strategic 
approach to building in flexibility in infrastructure design. It argues that modularity 
and safeguarding are at the heart of efforts to design future-proof infrastructures, 
i.e., design affordable infrastructures that can economically adapt to change over 
time.  

 

 

The Long Tail and Innovation of New Construction 
Practices - Learning Points from Two Case Studies 
C. Thuesen, and C.C. Jonsson 
 
This chapter presents two different development initiatives aimed at delivering 
customisable residential buildings in a standardised way. While one was trying to 
implement a huge flexibility through industrialised manufacturing processes, the 
was aiming to constrain the flexibility in traditional construction - focusing on 
delivering value to the customers and to reduce costs.  
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Flexible and Innovative Manufacturing – Two Case 
Studies 
J. Zuo, G. Zillante, and M. Smeaton 
 
This chapter reports on the application of the principles of open building 
manufacturing to small scale projects. In particular, it focuses on the systems 
used for prefabrication, transportation and on-site assembly. It reports on how 
open building manufacturing was used to make substantial savings in re-
configuration projects and in minimising safety risks involved with constructing at 
heights.  

 

Industrial Management Approaches for Improving 
Building Services Works in Hong Kong 
S.K.M Wan, ;.M. Kumaraswamy, and D.T.C. Liu 
 
This chapter reports on the use of different industrial management approaches for 
improving building services in Hong Kong. It advocates adoption of a ‘material 
tracking system’, ‘dynamic coordination buffering’ and ‘self-governing’ multi-skilled 
work teams with reference to a ‘dynamic production cell’, which if implemented as 
envisaged, could herald a new era of ‘industrial construction’ with a revamped and 
far more efficient production system.  

 

Investigating the Feasibility of Industrialised Low-
Cost Housing in South Africa 
A.A.E. Othman, and S.M. Conrads 
 
This chapter explores the feasibility of industrialised building systems as a means 
to solve housing problems in South Africa. Some of the key benefits of 
industrialised building systems over conventional building systems for social 
housing include delivery rate, production control, quality control, adequacy of 
services, and repairability. 

 

 

Development of Digital Learning Environments for 
the BC industry 
R.Beheshti, E. Dado, and M. van de Ruitenbeek  
 
This chapter lays the foundation for next generation learning environments in the 
construction industry by illustrating how both human and virtual actors may 
participate in the role of teachers (or experts) within digital learning environments. 
It advocates the application blended modes of learning and training to prevent 
purely digital learning/training systems from becoming impersonal 
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Virtual Reality Interactive Learning Environment 
W. Nadim, M. Alshawi, J. Goulding, P. Petridis, and M. Sharp  
 
This chapter discusses how a virtual reality based interactive learning 
environment maybe used to supporting experiential learning. It advocates that 
interactive learning environments have the potential to enable experiential 
learning in a safe and controlled learning environment, with minimal disruption to 
the working environment, as it can facilitate “any time, any place learning”. The 
chapter presented the development, testing, and validation of a VR interactive 
learning environment for Open Building Manufacturing training.   

 

Acknowledgements 
First and foremost, we would like to acknowledge and appreciate the enthusiasm and 
contributions from the numerous authors who have shared their experiences and lessons learned 
in this book. This book would not have been possible had it not been for them.  

We would also like to acknowledge the support of the European Commission and in particular its 
NMP programme for partly funding the ManuBuild project.  

We would like to thank you, the reader, for taking the initiative and time to explore and learn 
from the technologies, applications, and industrial case studies on open building manufacturing 
that are reported in this book.  

 
Dr. Abdul Samad (Sami) Kazi, VTT – Technical Research Centre of Finland 
Matti Hannus, VTT – Technical Research Centre of Finland 
Dr. Samir Boudjabeur, Corus, UK 

ManuBuild, March 2009. 
 

 



NewwaysNewways: An : An 
Industrialised Kit of PartsIndustrialised Kit of Parts

AlmudenaAlmudena FusterFuster, Alistair Gibb, Katy Beadle, , Alistair Gibb, Katy Beadle, 
Simon Austin, and Peter MaddenSimon Austin, and Peter Madden

11





Open Building Manufacturing: Key Technologies, Applications, and Industrial Cases 

Newways:  
An Industrialised Kit of Parts 

 

Almudena Fuster, Loughborough University, UK (a.fuster@lboro.ac.uk) 

Alistair Gibb, Loughborough University, UK (a.g.gibb@lboro.ac.uk) 

Katy Beadle, Loughborough University, UK (k.beadle@lboro.ac.uk) 

Simon Austin, Loughborough University, UK (s.a.austin@lboro.ac.uk) 

Peter Madden, Loughborough University, UK (p.a.madden@lboro.ac.uk)  

Abstract 
Loughborough University’s Adaptable Futures project is investigating the whole spectrum of 
adaptability, in the built environment, including ‘first-build’ adaptable ‘kit-of-parts’ approaches 
to produce a variety of solutions, as well as buildings that are adaptable throughout their 
lifetime. The research focuses on adaptability of complex, framed, non-domestic buildings, 
through both academic research at Loughborough and practical real-life applications such as 
GlaxoSmithKline’s (GSK) Newways pre-configuration strategy. Newways is the development 
of an on-demand delivery supply-chain of mass-customised operational facilities, capable of 
deploying assets into GSK up to eight times faster than existing processes.   

This approach allows GSK to delay the building process of the facilities, until they have 
concluded the more important business decisions regarding their product and its demand. 
Once they are confident in their needs for a facility, the pre-engineered nature of Newways 
allows an early understanding of schedule and costs, with a high degree of predictability. 
Newways brings with it additional benefits including greater reliability in construction and 
operation, lower capital costs and the ability to quickly reconfigure facilities to meet new 
business needs. 

Achieving this step-change requires totally new technologies, a new approach to every part 
of the building design and production process and a need to change the business model. At 
present, technology and environmental issues are forcing a re-evaluation of the construction 
industry, and aligned to this future, GSK’s strategy represents a radical initiative in the built 
environment.  

 

Keywords: Business risk reduction, Shorter facility delivery, Industrialised kit-of-parts, Pre-
engineered product development 
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Background 

Industrial Context 
GlaxoSmithKline (GSK1) -the global pharmaceutical company- ‘launched’ their Newways 
initiative in 2007. The main issue addressed was for the company to be able to defer critical 
investment decisions, through a radical reduction in design and build time for their facilities from 
years to weeks.  

This is driven by a very clear business need to allow the appropriate amount of time for the 
development of their products without the risk of compromising their procedures through trying 
to accommodate the construction industry. It asks the construction industry to understand the 
needs of its customers and to deliver value through a radically different delivery process. 

Problem 
The construction delivery process of GSK’s facilities needs to align with their operational 
processes, associated with research, development, business procedures and validation for each 
new pharmaceutical product. The company needs to release time from the design and 
construction process to be able to defer critical investment actions. The commitment of capital 
expenditure should be delayed until the last responsible moment, in order to allow GSK to fully 
understand their needs and communicate this succinctly to they facilities supply chain, without  
procuring sub-optimal facilities.  

Potential Solution 

Key Requirements 
The primary target of Newways is to radically shorten facility delivery and implementation times 
through a rapid facility deployment.  

The new product development is directly linked to the delivery of facilities. The aim is to reduce 
design and construction time of manufacturing and research facilities from 24 months to 13 
weeks, allowing a flexible response to production demands. The output is mass customisable, 
manufactured, on-demand facility process for use globally.  

Product development is well established through work by designers Bryden Wood McLeod 
(BWM) commissioned by GSK. A configurable ‘kit-of-parts’ has been developed to facilitate 
this step-change, by rationalising assemblies components and parts within their three basic 
facilities (laboratories, primary plants and secondary manufacturing facilities). The building 
system is used to maximise the variation in first-build end product. Central to the Newways 
value proposition is the concept of constructing new facilities quickly using standard 
components that fit together and work together first time. This would be achieved at no extra 
cost, rather, the cost would be significantly reduced through the industrialisation of the process, 
reduction in variation of parts and so forth.  

The need of a dramatic shortening of this design and delivery period enables GSK to wait until 
they really understand the required configuration of the production plants, before they start to 
build. 

                                                 
1 GSK international region covers 80% of the world’s population and manages 6.3% of the global pharmaceutical sales. 
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This approach to the design of the facilities has been influenced by GSK’s laboratory system: a 
completely flexible system of equipment on wheels, with all services fed from above (Figure 1). 
The FlexiLab has been implemented for some time into GSK’s traditional buildings, which has 
meant that while the fit-out was very quick and all the components able to be moved and 
reconfigured at anytime in about a day and a half, the buildings took a period of two years to be 
completed (Fuster and Gibb, 2008). 

 

 
Figure 1: GSK’s FlexiLab Concept  

(Adapted from Barnes and McLeod, 2008b) 
 

 Open Building Manufacturing 
Through the development of Newways -an industrialised kit-of-parts system designed for 
adaptable pre-configuration- GSK is addressing the main principles of Open Building 
Manufacturing. 

Open Building Manufacturing can be seen as a step further towards Open Building principles 
and Habraken’s Housing construction method from the 1960’s (Habraken, 2005). As Delft 
University’s Rob Geraedts explained in the I3Con Conference, Adaptable Futures Workshop 
(Beadle et al., 2008a) -while talking about State of the Art Adaptable Housing in the 
Netherlands- “Open Building is a design method, a consumer orientated building process, that 
caters for individual user demands, and provides both variety in demand whilst allowing for 
future changes” (Ibid, p.6), through industrialised construction systems. Habraken (2005) stated 
that Open Building relates to: a distinct level of intervention, such as ‘support’ and ‘infill’, 
involving multiple participants as well as different kinds of professionals; working with 
industrialised products and taking into account that the built environment is in constant 
transformation and change; and the “interface between technical systems” (Ibid), that should 
allow systems to easily be replaced with others that provide the same function.  

From this starting point, Open Building Manufacturing contribution focuses on a “highly 
efficient industrialised production, combining ultra-efficient manufacturing in factories and on 

5 
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sites with an open system for products and components, offering diversity of supply in the 
market” (ManuBuild, 2006). New materials, innovative technologies, smart components, ICT 
systems & intelligent catalogues and platforms will improve a new business process which 
allows mass customisation and end user participation. 

Newways principles are linked to the Open Building Manufacturing philosophy (Figure 2). The 
strategy and product have been developed from a similar basis (i.e. industrialised production, 
offsite components, quick on site connections, new business process, ICT tools, etc). However, 
Newways could also benefit from some of the Open Building Manufacturing principles that are 
not already being addressed, as a way to identify and assess further research (i.e. moving from a 
closed system to an open one or focussing on lifecycle flexibility). New approaches in life cycle 
techniques must be developed and will lead to an improvement of the use, life and sustainability 
issues of GSK facilities. 

 
Figure 2: GSK’s Newways Concept  

(Barnes and McLeod, 2008a) 

Approach 
Current design, procurement & construction of facilities takes around 24 months. GSK has 
developed Newways as a rapid facility deployment, providing a radical reduction in building 
delivery of their facilities to provide flexibility for the business, less risk and a shorter time to 
market. By standardising elements of the design of their three basic facilities - laboratories, 
primary plants and secondary manufacturing buildings- design and build time could be shortened 
from 24 months to 13 weeks. 

A set of assemblies have been identified for the delivery of an open floor plan plate building, 
able to fit any of the three main types of built environment assets, that GSK builds all over the 
world.  

This is a radically different approach to traditional construction and is currently challenging all 
parts of the organisation to completely change their way of working, specifically the established 
processes and systems for managing production and logistics. 

6 
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Analysis 

GSK’s Facilities 
Newways’ innovative way of designing, procuring and constructing the basic elements of a 
building applies to GSK’s laboratories and primary or secondary type facilities (excluding 
equipment). The process has been to identify idealised design studies in which the current best 
practice thinking within GSK’s main types of operating facility models has been brought 
together into a concept design for each building (Figure 3). The scope of the idealised design 
element has been limited by time, due to the high level of variance in GSK’s current portfolio of 
buildings and processes. At present, GSK has over 100 facilities of which secondary are the 
majority, followed by laboratories then primary. These designs have being defined as operational 
platforms that the Newways products can service and reveal the need for additional elements that 
will be fed into the product development process (Gibb, 2007). 

 
Figure 3: Analysis of GSK’s building facilities: laboratory, primary & secondary plant  

(Adapted from Barnes and McLeod, 2008a) 

The research and development stages take place in laboratories -an open floor building fitted out 
with the FlexiLab system- while primary facilities are used to create the active ingredient of the 
new drug -a vessel centric facility- and secondary facilities are where the product is made (pills, 
capsules, etc.) 

The product-focussed approach has been driven by Frank McLeod, of BWM consultants, who 
was chosen and appointed by GSK to lead the engineering/design element of the project. After 
analysing and breaking down into elements the three GSK main facilities, all the different parts 
have been identified and reduced to one common platform which relates to the 80% of each of 

7 
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the three idealised designs, leading to just one type of building instead of three (Figure 4). A ‘10-
80-10’ rule -context-product-enhancement- has been set up, which refers to different aspects of 
the idealised platform. The ‘80’ represents the percentage of standard components and 
assemblies. This has been achieved by taking some parts out -the complex ones- so the rest can 
be manufactured the same for all the facilities. The first ‘10’ relates to the context where 
buildings will be placed (site-related elements, regulations, etc) and the last ‘10’ to the 
enhancement or customisation (finishes & specific features) (Barnes and McLeod, 2008a). 

 

 
Figure 4: Identification of Common / Different parts of GSK’s three building facilities  

(Adapted from Barnes and McLeod, 2008a) 

 

The facilities are configured from a pallet of 30 pre-engineered products which have been 
designed to interface with each other, so as to allow the configuration to reflect the particular 
needs of an individual project (Table 1). Newways rapid deployment facility strategy has been to 
reduce assemblies to 30 variants, components to 90 and parts to 900 (Figure 5). 

8 
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Table 1: Extent of standardisation and GSK targets for Newways 

 
 Bespoke Hybrid Mass 

Customised 
Mass Produced Newways’ target 

Parts     900 

Components     90 

Assemblies     30 

Assets     3 

 

 
Figure 5: Newways kit of parts (Adapted from Barnes and McLeod, 2008a) 

 

Adaptable Futures research is looking at what are the right sort and best combinations of these 
parts and components and their aggregation into assemblies. This work aims to identify optimum 
systems of building components through Dependency Structure Matrix analysis. Matrix analysis 
techniques potential has been applied mainly in the aerospace and automotive sectors and will 
help to identify the critical interfaces and highly interdependent elements. From this, optimum 
sizes of kits will be found to deliver the degree of customisation required. 

 

Product Approach 
The set of offsite products contains the same basic parts, components and assemblies and is able 
to meet the ‘10-80-10’ philosophy for the three main GSK assets. The majority of elements, 
around 85%, are being performed off-site, with quick on site connections. Newways kit-of-parts 
includes the structure, M&E services and the fabric. GSK’s design consultants have also 
completed a market search for the best available product for cladding, roofing, partitioning, 
volumetric modules such as toilets and lifts, able to fit Newways criteria, BWM have employed 
product designers from a manufacturing background to develop the product approach. The 
elements will be continually reviewed, as part of a structured product development strategy, to 
ensure that Newways continues to reflect in future the needs of GSK. The production of 

9 
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components and assemblies will also be optimised through the implementation to specific 
projects (Beadle, 2007b). 

 
Figure 6: Newways Assembly sequence based on open floor type building  

(Barnes and McLeod, 2008a) 

Structural assembly 
The design has been developed in a number of steps. The structural assembly was the first to be 
completed and tested, using digital prototyping and prototypes (Figure 7). The grid chosen for 
the open steel framed building -12x12m- came from existing GSK laboratories. A prefabricated 
floor cassette -4x12m- has been developed to fit the grid and enable transportation on lorries. 
The aim is to install these on a basis of 16 per day, thanks to the quick connection ‘hook & eye 
system’ and the spine beam receivers (Beadle, 2007a; Madden, 2007). 

10 
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Figure 7: Newways structural system development & assemblies sequences on site  

(Barnes and McLeod, 2008a) 

Mechanical and Electrical (M&E) services 
The M&E services have been developed based on the GSK Flexilab concept (Figure 8). FlexiLab 
is a completely flexible laboratory design solution, with a big scope for change, ranging from 
services to furniture. This enables the equipment to be fitted very quickly -in about a day and a 
half- as well as re-fitted easily, by the scientists themselves, during a weekend (Barnes, 2008). 

All the services are connected from the ceiling to multiple connections points -electrical power, 
data, lighting, pipe services, fire circuits- in a plug-in basis, that responds to the changing R&D 
environment (W.E. Marson & Co. Ltd, 2007). 

 
Figure 8: GSK’s FlexiLab services infrastructure (Adapted from Barnes, 2008) 

 

The aim has been to develop the Newways M&E systems design with a high level of 
repeatability, for deployment in future projects. The floor cassette units are provided with 
services attached. To enable a faster erection, connections are ‘quick & easy’ for on-site 

11 
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assembly, which includes cable trays and ductwork connections (Figure 9). A walkway through 
the ceiling is also planned for easy access to all the infrastructure. 

 
Figure 9: Newways floor cassettes with services attached and walkway  

(Adapted from Barnes and McLeod, 2008a) 

Fabric 
Newways kit of parts also includes the fabric of the facilities, which will be completed in parallel 
to the rest of the Newways components and brought to the site (Figure 10). It will be delivered as 
a series of mega panels which interface with floor cassettes at each floor plate. The mega panels 
consist of a pre-engineered carrier frame capable of taking a range of proprietary cladding 
systems. These panels will be sealed together using a zip-p gasket, developed by BWM with 
BAA for their segregation corridor product. 

 

 
Figure 10: Newways mega panel cladding (Adapted from Barnes and McLeod, 2008a) 

ICT tools 
There are a number of ICT support systems that provide a set of tools to enable: assembly 
planning & monitoring; customer-driven design & configuration of manufactured buildings; 
intelligent components catalogue ICC; and market analysis and production according to demand, 
which Manubuild (2008) has been developing. GSK have taken a similar approach to software 
solutions for managing and operating the Newways business model. 

Due to the number of external partners involved in the project, an on-line collaborative approach 
has been also taken to implement the Newways project control strategy, via a shared web portal. 
During the process, key partners are able to provide progress updates, raise issues or change 
requests among other essential data for the development of the product.  

12 
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Newways manufactured buildings are planned to facilitate a high degree of design flexibility and 
the team is adapting an ‘Ikea’ approach to design deliverables (Figure 11). As the process is 
improved, the assemblies become more rationalised and repetitive and instructions less complex 
and more succinct. 

Drawings could be diagrams -as the level of dimensional fit is not required- and they could be 
presented in the hierarchal system of asset-assembly-component-part (e.g. Figure 11). 

 
Figure 11: Newways as hierarchal system of asset-assembly-component-part  

(Adapted from Barnes and McLeod, 2008a) 
 
A possible future of Newways could be a design tool with new object-based design systems. The 
design of the facilities will be simplified through innovative capabilities which stimulate the 
communication through the whole process from the client to the manufacturer. The tool will be 
able to give different information for each of the stakeholders involved and make explicit the set 
of requirements to be satisfied by any part, as well as the technical information required by 
project delivery teams when designing, integrating and planning the assembly of projects. An 
‘Automated Newways CAD’ (Figure 12 & 13) could also be developed to help designers and 
engineers reduce the time spent in a project where the assembly diagrams, will drill down into 
the detailed components and parts. A significant degree of integration will be needed between 
those systems and the systems used for scheduling and controlling the production and delivery of 
components and assemblies (Newways, 2007). 
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Figure 12: Building in Automated Newways CAD  

(Adapted from Barnes and McLeod, 2008a) 

 

 
Figure 13: Newways mega panels cladding (Adapted from Barnes and McLeod, 2008a) 
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Results and Business Impacts 

Key Findings 
In order to reduce business risk and allow enough time to conclude decisions regarding their 
product and its demand, GSK have envisaged the development of the Newways strategy -a new 
way of thinking- leading to a kit-of-parts, capable of deploying assets into GSK up to eight times 
faster than existing processes. At present construction needs to start in the middle of GSK’s 
pharmaceutical product development, before the product has been fully designed. This produces 
an unnecessary risk as, even if the investment in the development of drugs is huge, less than 20% 
of these early developments actually become products.  

Newways’ kit-of-parts is an on-demand delivery supply-chain of mass-customised operational 
facilities, where procurement occurs off projects.  

Benefits of Newways to GSK will be a reduction of capital expenditure at risk and capital project 
contingency as well as a lower supply disruption risk, project cost and time scale certainty, a 
reduction of cost due to bespoke design -repeatability- and improved technology-transfer 
between sites.  

On 16th October 2007, Loughborough’s Adaptable Futures team facilitated the first Newways 
workshop, in which stakeholders from different backgrounds -engineers, consultants, logistics 
experts, suppliers- were brought together to discuss about the strategy and process. The supply 
chain and its management were seen as key issues, linked to component production. It was 
suggested that the supply chain should be owned by GSK or, at least, they would need to be in 
control to enable a global process. The Newways concept requires direct contracts between GSK 
and its suppliers of components and assemblies and new relationships that encourage 
collaboration and efficient production. To achieve this goal, the actual supply chain will need to 
be reconfigured. Medium to long-term, on-demand performance based relationships will be 
necessary, formed with specialist suppliers and upon demand forecasts across GSK’s capital 
investment programme. In the automotive market some companies already do this, including 
Toyota who has a long-term relationship with key suppliers. It will also be necessary to identify 
suitable partners within the industry who have proven fast build systems or who are willing to 
develop new systems to suit GSK’s requirements. 

The Newways supply chain will need to be managed by a new team of delivery specialists, with 
a high degree of skills in front-end design, logistics and supply-chain management. A cultural 
change is also needed regarding programme management and should address the shift from 
managing individual projects to managing GSK’s entire programme (Beadle, 2007b).  

Business Impacts 
The Newways strategy demands a radical change in current business process, and will affect all 
those involved in it. There is a need to establish the market for the product, moving from a 
conventional project process to a lean capital programme, and to ensure a monitoring of the 
results, looking specifically at programme management, product development, supply chain 
management and production of components and assemblies. 

Conventional roles -affecting supplier relationships, design, construction and logistics- need to 
be broken down. As an example, the project team is formed by a cross functional mix of project 
managers, end-users, engineers, architects, designers & suppliers. The communication and 
information transfer is a critical issue and ICT tools need to be developed to facilitate it. 
Business and the supply chain need to be reformed to see cultural change, a new way of working, 
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as getting things delivered on time and when expected on site. At the Newways workshop in 
October 2007, it was proposed that, during the transition from the existing projects organisation 
to Newways, a team with expertise in change management and communication could be useful. 

GSK is engaged with a range of projects which could benefit from Newways implementation. 
They will gain experience on the first ones and a review of each project will capture benefits and 
compare traditional and expected results to the real new ones. Newways strategy will be 
constantly improving as it’s developed (Beadle, 2007b).  Business aspects also form part of the 
Adaptable Futures research project. 

Conclusions 
Newways strategy should address sustainability in all its three aspects -economical, 
environmental and social- and specifically, lifecycle issues need to be analysed to ensure future-
proofed assets. The Newways’ kit-of-parts should not only be able to configure different types of 
facilities from the same set, but be able to reconfigure and adapt during its life. 

To guarantee longer life and better performance, buildings should be adaptable to changing 
parameters and evolving environments. The flexibility in the short and long term, the possibility 
of rearranging internal spaces, upgrading of materials and technology or disassembling 
components is crucial. The lifespan of GSK primary and secondary facilities is linked to the 
patent life of the pharmaceutical products developed, this should be reinforced by the possibility 
of facilities being refitted, dismantled and reused. At the moment, the majority of buildings are 
designed and constructed to suit a particular use at a certain time, with little thought for the 
future. The Newways concept is applying the concept of FlexiLab to the whole building. The 
Newways’ lifecycle cost has been calculated by GSK as being lower than conventional 
laboratories and the reconfiguration cost was seen as being negligible (Beadle, 2007a). This 
should set a precedent and facilitate adaptability of Newways facilities. 

 

Practical Tips 

 GSK Newways system is an on-demand delivery supply-chain of mass-customised 
operational facilities, capable of deploying assets up to eight times faster than 
existing processes 

 To achieve a configurable kit-of-parts requires totally new technologies 
 The parts will be continually reviewed, as part of a structured product 
development strategy, to ensure that Newways continues to reflect in future the 
needs of GSK 

 The Newways strategy means a radical change in the current business process, 
and will affect all those involved in it 

 ICT tools will be of great help to enable the development and implementation of 
the Newways strategy 

 The Newways process will gain experience and improvement through 
implementation and review of results 

 Future-proofed facilities will be enabled through adaptability during their lifecycle 
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Abstract 
In this chapter three themes are discussed and innovative concepts for these themes have 
been presented.  

The first theme is value orientation. The building industry can create more client satisfaction 
and appreciation from users and society when a value-driven approach is used instead of a 
cost-driven approach. A value-price-cost model is presented that can be used for value-
driven building projects. The concept of Product Service Systems, that is already known in 
other domains, can be very useful for flexibility in value-driven building projects. 

The second theme is industrialisation and open building manufacturing. The advantages of 
industrial building are obvious, yet industrial building has not become a mainstream 
development. In this chapter we argue that integration of available technologies is needed, 
but it is more important that an innovative business model is developed and introduced that 
is based on the concept of “supplier-driven demand”. 

The third theme is life cycle orientation and open building remanufacturing. Recent global 
issues such as climate change and expected shortage of fossil energy have lead to an 
urgent need of more insight in energy use and waste production of the entire building 
industry, including the production and transport of building materials. The next step is of 
course the development of methods and approaches to decrease energy use and waste 
production. For this development cradle-to-cradle thinking and remanufacturing can be the 
leading principles. 

 

Keywords: value-driven business models, industrialised construction projects, living building 
concept, cradle-to-cradle, remanufacturing 

Background 

Industrial Context 
Construction projects can be great examples of craftsmanship and collaboration, leading to 
wonderful new or renovated buildings. But often construction projects come with 
disappointments: delays, cost overruns, quality issues, or just results that are significantly 
different from what the client expected.  

Typical problems in construction projects that have been subject of research in the last decade 
are failure costs, lawsuits between clients and contractors and the unpredictability of construction 
projects. Failure costs are extra costs related to construction failures or design failures. Lawsuits 
are almost always caused by inadequate construction contracts, put on paper in the design stage 
and rendered out of date by changed circumstances. Unpredictability of construction projects can 
be regarded as the result of the process-related problems described above, combined with 
technical unpredictability. For example, the position and structural behavior of construction 
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elements are usually known in advance, but only approximately, never exactly. And the 
deviations from expected values are considerably higher than in common manufacturing 
industries.  

In the near future, the construction industry will face additional challenges that are related to the 
issues of global warming and shortage of fossil energy. Society will ask for a zero waste, zero 
impact construction industry. Until recently, the construction industry contributed to a 
sustainable society by for example building energy-efficient buildings and using sustainable 
materials. This will no longer be sufficient. The construction industry will need to justify 
material and energy use and waste production during construction as well as during use of 
buildings, and at the time of demolition, including re-use of materials and re-manufactirung of 
building parts. 

Problem 
As discussed above, a range of common process-related issues can be identified in construction 
projects. In this chapter we will focus on three general problems in construction.  

The first one is the problem of developing construction contracts that support successful projects 
instead of forming an obstacle. In our view many problems in construction projects are related to 
inadequate contracts. Many construction contracts are still based on lowest price only; value 
orientation is still uncommon in construction. In this chapter we will discuss methods, tools and 
experiences for flexible, value-oriented construction contracts. 

The second problem is the lack of industrialisation of the construction industry. Industrialisation 
in construction has been a research themes for several decades (e.g. in research on Open 
Building), but for some reason this research has not really led to big changes in practice. Instead, 
industrialisation in construction could potentially lead to a much higher predictability of projects 
and lower failure cost. In this chapter we will focus on the identification of success factors for 
industrialisation in construction. 

The third problem to be addressed is the need for low impact, low waste construction in all life 
cycle stages. The full extend of this problem has only recently become apparent, with the 
acknowledgement of the global warming problem and the renewed interest for energy shortage, 
partially caused by the rapid economic developments in China and India resulting in increasing 
energy demands from these countries.  

Potential Solution 

Key Requirements 
The three general problems in the construction industry described above have lead to the 
following key questions: 

• How can we make the transition from the traditional tendering practice based on lowest 
cost towards an innovative value-based tendering practice? 

• How can we achieve successful industrialisation in construction? 

• How can we achieve low-impact and low-waste construction? 

These questions lead to the following requirements: 

• A business model for value-based construction that supports most economically 
advantageous tendering (MEAT) and dynamic, flexible contracts that can handle changed 
requirements, changed stakeholders and other changes caused by external influences. 
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• Identification and resolution of factors that hinder industrialisation for construction. 

• Insight in energy usage and waste production during the entire life cycle of both built 
facilities and built components.  

• An approach or configuration system for remanufacturing of building facilities with 
components that have been used elsewhere but that are well suited for reuse. 

 Open Building Manufacturing 
Open Building Manufacturing methods can play an important role in the solution for the 
problems described above. This is most apparent for the industrialisation issue. In particular, an 
important concept for successful industrialisation is, in our belief, the concept of “supply-driven 
demand” as opposed to “demand-driven supply” (De Ridder and Vrijhoef, 2007). In common 
construction projects clients have the initiative and suppliers react on clients. But in a more 
industrial set-up suppliers have the initiative and clients make a selection out of the options 
provided by the supplier. This implies that suppliers no longer offer everything, but only offer 
products that fit in their configuration system. 

In the context of the zero-impact and zero-waste objectives, an important concept is open 
building re-manufacturing. Remanufacturing (Steinhilper, 1998) is an innovative concept for re-
use of used parts in other products. Remanufacturing is successfully applied in products such as 
cars or copiers, but can also be applied in building facilities. Successful remanufacturing in 
construction could lead to significant reduction of waste of building materials. 

Approach 
The work presented in this paper is not the result of one specific project, but it is the result of a 
continuous effort that has been ongoing for a number of years. As can be read above, it is also an 
effort in which many related themes are dealt with.  

As an overall concept for our work, we use the term “Living Building Concept” (LBC). This 
concept can be seen as a placeholder for a number of innovative concepts and principles such as 
value-oriented construction processes, parametric design and industrial building, and life-cycle-
orientation aiming at low waste and low impact construction. The word “Living” points at the 
view that building facilities should not be seen as static, “dead” artefacts, but as things that 
change over time. Such a view is needed in order to cope with the dynamics of the built 
environment. For example hospital facilities are typically completely reorganised every ten 
years. Also in the design and construction phases change is very common; many of the common 
problems in construction processes occur in our view because current collaboration forms are 
based on a static view on construction processes and cannot cope with changes in requirements, 
stakeholders or other external factors.  

The research approach we use is a combination of theory development and case studies in 
practice. The theory development has been an ongoing effort for a number of years. Over the 
years many existing concepts have been incorporated or integrated in the “Living Building 
Concept”. Value orientation and the dynamic character have been key themes for a number of 
years, while industrialisation and life-cycle orientation, including concepts such as cradle-to-
cradle thinking and remanufacturing, are of more recent date.  
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Analysis 
In this section the themes that have been addressed in the Key Requirements section will be 
elaborated. This will be done in three subsections, which focus on the three general themes: 
value orientation, industrialisation and life-cycle orientation. 

Value Orientation 
As stated above, a shift is needed from traditional contracts based on lowest cost towards 
innovative contracts based on best economic value for money. This idea can be illustrated by the 
so-called Value-Price-Cost model, see Figure 1. This model can also be used to illustrate a 
number of other basic concepts for building project management. 
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Figure 1. The Value-Price-Cost model 

First of all, for a building project the value created by the project must be greater than the price. 
Otherwise there is no reason for the client to participate and invest in the project. Similarly, the 
price of a project must be greater than the cost, otherwise the provider would not participate in 
the project.  

But the figure can also be used to compare value-based contracts against cost-based contracts. In 
traditional contracts based on lowest price and lowest cost there will be a tendency to make the 
price and cost columns as small as possible – and to pay little attention to value. But sometimes a 
slightly higher price can result in a much higher value (left column). In such cases it can be 
worthwhile to invest a little bit more and create a lot more value. This would result in a much 
higher yield, that can be divided in client benefit and provider profit. 

The Value-Price-Cost model takes an economical viewpoint to building projects. But the idea 
can also be translated into a model with a more technical/engineering viewpoint, see Figure 2.  

 
Figure 2 Design as a process to optimize the trade-off between value and cost 

Specification  Design

Value 
Cost

Figure 2 shows that Value is translated into (requirements) Specifications. This translation is 
similar to the systems engineering notion of the translation from User Requirements to Systems 
Requirements. Next, the Specifications (or System Requirements) are translated into a Design. 
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This translation is a very complex process (namely the design process, for which the term 
“translation” is actually not a very appropriate name). It is often modelled as an iterative process, 
in which top level requirements are translated into a top level proposed concept, which in turn is 
translated in “level two” requirements, etc. Finally, the design information is used for cost 
calculation.  
The ideas and models described here formed the starting point for the case studies mentioned 
above. Experiences with the case studies will be discussed in the Results section. 
Another important requirement for innovative building project management is the ability to deal 
with project dynamics such as changed requirements, changed stakeholders and other changes 
caused by external influences. A relevant and useful business concept in this context that is not 
yet often used in building is the concept of Product Service Systems (PSS). Goedkoop et. al. 
(1999) define a Product Service system as "a marketable set of products and services capable of 
jointly fulfilling a user’s need". A key point of Product Service Systems is that companies in 
essence do not sell technical artefacts such as buildings, but functions. As a consequence, PSS 
agreements can be made for various periods of time. In case of long-term agreements it is well 
possible that many parts of the technical artefact are replaced, etc. The use of Product Service 
Systems in building is further discussed in Gielingh et al (2008). 

Industrialisation and Open Building Manufacturing 
Industrialisation in building has been going on for decades. Many building parts are now 
industrially manufactured, in a completely different way than 50 or 100 years ago (many 
building parts did not even exist at that time, for example HVAC-system components). But the 
building process has hardly become an industrial process.  

Characteristics of industrial production are mass production, repetition & standardisation, off-
site production (in a conditioned environment, often in a factory) and machine-made production. 
In building, some of these characteristics apply, others are hardly applicable. Mass production of 
buildings obviously exists in many places, for example in post-war housing. Also repetition and 
standardisation are quite common in building.  

But off-site, machine-made production usually applies only to building parts or elements, such as 
doors, windows, wall elements, or HVAC components. Houses and other building facilities are 
normally still manufactured or assembled on site. This is done with a lot of hand work, with a 
relatively low degree of precision and a with high degree of building failures. Furthermore, there 
are building projects that look industrial, where a lot of work is done off-site in the factory, but 
still involving a lot of hand work which is only moved to the factory.  

The highest degree of industrialisation is probably reached in semi-permanent building solutions 
as offered by companies such as De Meeuw in the Netherlands. Only in this kind of companies 
the full potential of industrial building can be recognized, including fast construction processes 
with high accuracy and a low degree of failures. 

As we all know, there is also a lot of opposition and resistance against industrial building. Part of 
this opposition is related to aesthetics, or taste: some people do not like built facilities with an 
industrial appearance. They just do not want to live in an industrial looking building.  

Also more rational arguments are used: industrial building would create uniformity and 
boredom, and industrial methods would not work in building because building is a one-of-a-kind 
industry, with site characteristics that are different every time, and often also a line up of project 
participants and stakeholders that are different every time.  

However, the Open Building movement has convincingly proven that industrial building and 
standardisation do not necessarily result in uniformity and boredom. Instead they have shown 
that standardisation creates flexibility. The Open Building movement has also shown that 
industrial methods can indeed work in building projects. 
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The potential benefits of industrial building are even larger when advanced ICT is used. “Pure” 
industrial building implies a building system with standard elements. Building design is in fact 
the configuration of selected standard elements. This can be supported very well by parametric 
design systems, in which standard elements are represented as parametric CAD objects. The 
resulting design system can become very powerful when the parametric CAD objects also 
contain meaningful information (or “semantics”, or “intelligence”) about material properties, 
physical behaviour, function, etc. In addition, configuration or composition rules can be 
implemented in the parametric design system. Furthermore, knowledge such as information can 
be added to the system, and cost forecasting functions could be implemented. The result would 
be a system that a building facilities supplier such as a project developer could bring his (or her) 
laptop with his building system to the client, develop a design during their talk and show the 
financial consequences on the fly – including different financing alternatives.  

For manufacturing industries such as automotive, design systems as described above are quite 
common. As a result, these industries can perform better, with lower failure rates. Then why is it 
that the building industry does not adopt such technologies? What is needed for building to 
become really industrial? 

In our view, two things are needed for industrialisation of building. First of all, the available 
technologies such as parametric design, building information modelling, cost calculation and 
industrial production need to be fully integrated. Technologically spoken, this is not extremely 
complex. It is only a lot of work, but it can be done.   

Secondly however, we think that a change in the common building process is needed. In a 
common traditional building project, a client develops a specification and a provider develops an 
offer for the realisation of the proposal. In this setup the client has the initiative and starts the 
specification from scratch; the provider has (and must have) a “we build everything” attitude, 
reacts on and follows the client. This can be called “client-driven supply”. This way of working 
has several drawbacks: because the provider must be able to build “everything”, he cannot 
develop a building system with a limited (but still big) set of elements and possible 
configurations, and deep knowledge of the possibilities and expected performance of these 
elements and configurations.  

The alternative way of working is what we call “supply-driven demand”. In this way of working 
the initiative is with the provider, who has a building system with a lot of building knowledge 
and intelligence implemented in advanced ICT. It is the provider who develops a proposal and 
maybe some alternatives, and the role of the client is to select out of these alternatives. This way 
of working is highly similar to the way the car industry is currently working.  

Probably this alternative “supply-driven demand” way of working is an essential condition for 
industrial building. It might also explain why Open Building has never become a mainstream 
approach in construction. 

Life Cycle Orientation and Open Building Remanufacturing 
A building is not only a fulfiller of e.g. a sheltering function, it is also a materialized solution for 
user needs that existed before it was made. Once the building is declared to be useless, it may be 
demolished. This attitude causes construction to be a large producer of waste. Not only the waste 
may be a problem, it causes also an exhaustion of natural resources. 

Systems and components that are not any longer useful for one building may be re-installed in 
another building. And if systems or components cannot be re-used as such, the materials from 
which they are made can be disassembled and remanufactured for the production of new 
components or systems. The latter principle complies with the cradle-to-cradle concept such as 
described by McDonough & Braungart (2002). Furthermore, it forms an extension of the concept 
op open building manufacturing – to open building re-manufacturing. 
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The cradle-to-cradle principle implies that a design takes aspects such as reusability and 
disassembly into consideration. It has also implications for the use of materials and the way in 
which components are joined. An analysis of 20 Australian schools done by Ding (2007) 
revealed that the amount of energy needed to produce, maintain and demolish a school equals 
about 37 years of operational energy (heating, cooling, electricity). The selection of materials has 
therefore a major impact on the overall energy-consumption of a building. Materials such as 
cement and brick require very high temperatures in production; temperatures that may only be 
reached through the burning of hydrocarbons. Hence, the use of these materials contributes 
significantly to the global CO2 problem. 

An LBC provider will be rewarded for the creation of value. Various kinds of value can be 
distinguished, such as user value, client value, social value and environmental value. User 
processes and the environment have to be monitored and measured. The provider, in consultation 
with the user(s), may take the initiative to modify the building so that more value can be created. 
During the modification of a building, user activities should continue, preferably undisturbed.  

Where current, static buildings require high investments that have to be written off and are risky 
if user needs change considerably over time, the components and materials that constitute a 
living building have an extended lifetime that may be substantially longer than any individual 
building. Hence, the risks for investors decrease. 

The other side of the medal is that the number of actions or operations per unit of material 
increases. In current construction practice, only the production, manufacturing and construction 
costs contribute to material costs. In living buildings, materials and components are 
manufactured, assembled, disassembled, remanufactured, and so on, perhaps many times during 
their (extended) lifetime. Manual work will therefore be costly. It may be more economical to 
automate these processes for Living Buildings than for traditional buildings. 

The envisioned process of a Living Building product/service provider is sketched in Figure 3.  
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and energy
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production
of waste

Production &
Construction
Process

Building performance monitoring

 
Figure 3. The process of a Living Building provider aiming at reducing costs in the construction 

process and the increase of client value 

The left side of this diagram shows, from bottom to top, the construction process. The shown 
process starts with the production of assemblies out of raw materials, base materials and 
components. 
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In case changes of the building are needed during its operational life, the building will be 
partially disassembled and re-assembled. Removed modules may be re-used for assembly in the 
same or another building. If modules cannot be re-used as a whole, they will disassembled into 
components. Disassembly can be drastically simplified if fixtures of components and modules 
are designed for that purpose. Further, given the fact that vitalization may take place in a fully 
operational building, main disassembly and re-assembly should be designed such that ongoing 
activities in the building can continue with little or no disturbance.  

Results and Business Impacts 

Key Findings 
The work presented in this paper has been applied and tested in a few real projects: a school 
construction project, a canal project and a hospital redevelopment project. These projects mainly 
focused on the first theme discussed in this paper: value orientation. Basically, in these projects 
used the concepts illustrated in Figure 1 for the management and decision making of the project. 

The findings and conclusions of these case studies are not very clear. One of the projects ran into 
trouble, but that was not because of the application of value-driven project management. The 
other projects are still running and conclusions cannot be drawn as yet. 

For the other two themes discussed in this paper, industrialisation and life-cycle orientation, no 
findings from practice can be reported as yet. We are looking for opportunities to apply and test 
the concepts presented in the near future.   

Business Impacts 
As discussed above, the findings from practice are still very preliminary and incomplete. 
Therefore we can only discuss potential business impacts of the concepts presented in this paper. 
Potential impacts of these concepts are listed below: 

• Value-driven building projects can lead to more client satisfaction and more appreciation 
of building facilities by users and society. 

• Industrial building and open building manufacturing based on “supplier-driven demand” 
can have a number of positive impacts; the key point however is that the predictability of 
the result can become much better, when it is based on intelligent building 
design/configuration systems with embedded knowledge on physical characteristics of 
building components but also economic characteristics etc. 

• Life cycle orientation and open building remanufacturing can lead to lower energy usage 
and lower waste production of the building industry as a whole, including production of 
building materials. 
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Conclusions 
In this chapter three themes have been discussed and innovative concepts for these themes have 
been presented.  

The first theme is value orientation. The building industry can create more client satisfaction and 
appreciation from users and society when a value-driven approach is used instead of a cost-
driven approach. A value-price-cost model is presented that can be used for value-driven 
building projects. The concept of Product Service Systems, that is already known in other 
domains, can be very useful for flexibility in value-driven building projects. 

The second theme is industrialisation and open building manufacturing. The advantages of 
industrial building are obvious, yet industrial building has not become a mainstream 
development. In this chapter we argue that integration of available technologies is needed, but it 
is more important that an innovative business model is developend and introduced that is based 
on the concept of “supplier-driven demand”. 

The third theme is life cycle orientation and open building remanufacturing. Recent global issues 
such as climate change and expected shortage of fossile energy have lead to an urgent need of 
more insight in energy use and waste production of the entire building industry, including the 
production and transport of building materials. The next step is of course the development of 
methods and approaches to decrease energy use and waste production. Leading principles for 
this could be cradle-to-cradle thinking and the concept of remanufacturing. 

A lot of work remains to be done. First of all, much more business cases are needed in order to 
test whether the concepts presented work in practice. Moreover, the concepts presented here 
require more theoretical development. For both industrialisation and life-cycle orientation work 
must be done on the development of new business models that support the principles presented. 
But especially in the area of life-cycle orientation also more fundamental work is needed, such as 
a profound study of all energy usage and waste production that is produced by the building 
industry, including the production and transport of building materials. 

 

Practical tips 
 

 Use most economic value as driving force in building projects, instead of lowest 
price. 

 Provide flexibility in the use of building contracts; provide for possibilities to make 
changes. Consider the use of the concept of Product Service Systems for this 
purpose. 

 Aim for a “supplier-driven demand” building process with suppliers that can offer 
high-quality building solutions, based on an intelligent building design/ 
configuration system. 

 Be aware of the total energy use of a building facility over its life-cycle, including 
energy used for the production of building materials. 

 Be aware of the total waste production of a building facility over its life-cycle, 
including waste produced during the production of building materials. 

 Look for opportunities for remanufacturing of building components in other 
building facilities or elsewhere when a building facility is no longer used; take 
remanufacturing opportunities already into account in the design process. 

 Extend the concept of open building manufacturing to open building re-
manufacturing. 
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percentage of labourers from the community in which the houses are built. This is to 
increase job creation and to maximise wealth distribution. Conventional has outperformed 
industrialised by a considerable margin for this factor. This is seen as the as the strongest 
drawback for industrialised since job creation is rated one of the top requirements for 
housing. The reason for this is that industrialised is a manufacturing orientated 
construction and through efficiency and mechanisation it decreases the need for 
employment which is in direct contrast with conventional.  

 

Analysis of Contractors Response  
Figure (4) illustrates the scoring difference between conventional and industrialised housing for 
the contractor sector. The following points are noted the three most important factors: 

 
 

Figure (4) Contractors Scoring for CBS and IBS factors  

• Production Cost – This is an important factor to consider as the cost of producing houses 
needs to be within the government subsidy margin and must still make a profit. The 
cheaper the production cost the more profitable the production becomes. This factor is the 
most important for contractors, this is shown on the graph as it has the highest score. The 
difference, although only marginal, is in favour of industrialised. This is because 
industrialised offers a lower production cost per unit due to its high production capacity, 
production rate and efficiency. Conventional has a cheap production cost through utilising 
cheap materials, cheap labour and minimising the use of machinery.  

 
• Product Quality – This factor measures the general quality of the product, form a 

contractor’s perspective. This is an important factor as contractors aim to produce a 
product that would please their clients and ensure future contracts. Industrialised has a 
considerably higher score than conventional in this regard. This is mainly because 
industrialised produces standardised products which are, to a large extent, identical. 
Standardisation and less onsite construction provides greater quality assurance. On the 
other hand, conventional is largely onsite construction which leaves more room for error, 
although building plans and processes are standardised product quality outcome is more 
likely to vary. Conventional is more dependent on onsite labour quality, and since labour 
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with no experience is employed the housing product quality reflects the standard of 
workmanship. 

  
• Carbon Footprint – This is factor is a corporate requirement and is chosen in the light of 

environmental issues. This is a factor that is rated as the third most important, which shows 
that it is considered for low income housing. The graph shows this by its high rating. 
Industrialised has been scored higher than conventional for this factor. This is because 
industrialised is generally more resource efficient and has less of an impact on the building 
site. Industrialised also includes a factory which produces the components which impacts 
on the carbon footprint of this system. Conventional, on the other hand, doesn’t have a 
factory but has a greater impact on the environment of the building site and is more 
wasteful.    

Analysis of End-User Response 
Figure (5) illustrates the scoring difference between conventional and industrialised housing for 
the End-User. The following points are noted for the three most important factors: 

 
 Figure (5) End-Users Scoring for CBS and IBS factors 

• Delivery /Waiting Period – This is the average waiting period for the housing applicant to 
receive their government subsidised house. This factor is related with the production rate 
and delivery rate in the contractor and government sectors respectively. This factor is one 
the top three rated factors for the end user. Industrialised has scored considerably more 
than conventional. This is because industrialised is capable of a higher production rate, 
better manageability and transparency, making the process from production to delivery 
more efficient.  

 
• Affordability – This factor measures the cost aspect of not only the houses but also the 

cost of alterations and finishes. As the government subsidised houses are built with the 
intention that the residents will add their own improvements. This is a considerably 
important factor, because cost is the main concern for the end user. Industrialised has a 
higher score than conventional but only by a small margin. Industrialised can offer cheaper 
houses and cheaper extensions on an existing building. This cost advantage is achieved 
through larger building components and panel building. However, this cost advantage must 
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be set against the initial capital required, this is why the difference in cost in smaller. 
Conventional houses are cheap but not as cheap as industrialised could offer. It must be 
kept in mind that the initial capital outlay for conventional is significantly less than 
industrialised, which would directly impact on the cost of the houses.  

 
•   Adequate Services (Lights & Water) – The reason why this factor has been separated 

from the previous factor (General Quality of House) is because the services in the houses is 
an aspect which currently is not adequate enough. It on its own is an important factor for 
the end user, hence it has one of the highest scores. Industrialised has considerably out 
scored conventional. The main reason for this is because the conventional building method 
separates the construction of the houses with the provision of the services, which is why 
the conduits and plumbing lines have to be chased into the walls afterwards. This delays 
the process and is impractical for mass low income housing. Industrialised, on the other 
hand, can combine the construction (production) process with the installation of services. 
This is done by fitting the conduits and plumbing lines into the wall before it is cast or 
made. Fittings and lines are connected during the assembly process. This ensures that the 
services are in place, it is also cost effective, practical and shortens construction periods. 
Most of all it shifts the responsibility to one contractor who doesn’t have to rely on 
subcontractors.      

Summary and Discussion 
Figure (6) summarises the scoring difference between conventional and industrialised housing 
for each perspective group. 

• Government - Generally, regarding all factors of the government industrialised is 
considered to be the better building method for low income housing. The only set back is 
that industrialised underperforms through job creation which is an essential requirement 
for government. If job creation becomes a factor of less importance then industrialised 
would be fitting for low income housing. Otherwise if an industrialised system could be 
developed that offers a higher degree of job creation without compromising delivery rates, 
adequacy and durability, then this system would stand a chance of overcoming the housing 
shortage. Despite job creation industrialised has generally performed better than 
conventional and this should be reason enough to consider industrialised building system 
for government subsidised housing in South Africa. 

 
 

 

Figure  (6) Summary of Scoring for CBS and IBS factors 
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• Contractor - The factors which industrialised can offer a considerable advantage over 
conventional is manageability, production control, quality control, resource efficiency, 
product quality, production cost and production rate. These are the factors that make 
industrialised attractive for housing contractors. However, there are some drawbacks for 
the contractor, initial capital outlay is the strongest disadvantage for industrialised for the 
contractors sector. The initial capital outlay is a strong barrier for entry into the 
industrialised construction industry. A considerable amount of capital is needed to 
establish all the facilities, machinery and equipment needed to operate an industrialised 
production line. Design flexibility, labour intensity and skills dependency are factors which 
are favoured by conventional and may dis-encourage industrialised as a building system. 
Mechanisation, to a certain extent, is disapproved by government because it denies 
potential employment especially for a country with high unemployment rates. The other 
issue is that South Africa has relatively cheap labour which may make labour intensive 
processes cheaper than mechanised processes.   

 
• End-User - Adequate Service Provision is the end users most important factor which is 

substantially higher for industrialised than for conventional. It seems that industrialised is 
the better building method for the end user. However, there are some drawbacks. Diverse 
design and aesthetics is favoured by conventional which can have an implication on the 
user friendliness of industrialised. In countries where industrialised building systems have 
been extensively used for low income housing have received complaints and a general 
negative approach towards this type of building system, although it has managed to house 
the population. This study speaks for itself as industrialised does indeed provide a better 
opportunity to eradicate the housing backlog in South Africa. The end user should be 
pleased with their house if it caters for all their needs.      

 

The Analysis clearly shows that IBS is more feasible than CBS for all three perspectives. The 
sum of the scores of all the three perspective groups is 166.972 for conventional and 193.850 for 
industrialised, this is a 16.1% difference. Overall IBS is a more feasible option for government 
subsidised housing in South Africa. However, this analysis only focuses on the performance of 
both building systems with respect to the requirements of social housing. If IBS were to be 
implemented for government subsidised housing in South Africa then more direct considerations 
need to be taken. Since this analysis only regards the concept of the two building systems, so the 
actual application of IBS would need to consider a particular design of an industrialised building. 
This particular design would need to be tailored for the South African environment, must suit the 
important criteria of the government especially job creation and it must incorporate materials 
suitable for the South African climate and resource capacity.  

Results and Business Impacts 

Key Findings 
The key findings of this chapter are derived from the data analysis and compared with some 
aspects of the literature review. The key findings are: 

• Generally, IBS is more feasible than CBS as it offers more advantages than CBS for 
low income housing.  

• The main advantages that IBS offers in terms of social housing in South Africa are 
delivery rate, production control, quality control and adequate services.  
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• The main advantages that CBS offers in terms of social housing in South Africa are 
job creation, socio-economic growth and diverse design and aesthetics.  

• For the government sector:  

o IBS would be most successful towards delivery rate and durability.  

o IBS would be a hindrance towards job creation.   

• For the contractors sector: 

o IBS would be most successful towards production cost and product quality. 

o IBS would be a hindrance towards initial capital outlay and design flexibility.   

• For the end-user sector: 

o IBS would be most successful towards adequate services and delivery period 

o IBS would be a hindrance towards diverse design and aesthetics 

Business Impacts 
As this chapter investigated the feasibility of IBS for housing the poor in South Africa and 
because it carried out a comparison analysis between IBS and CBS form the perspective of the 
three main role players within social housing in South Africa, therefore this study can offer 
beneficial information to each of the three role players.   

 

For Government 
In terms of the potential implementation of IBS for social housing, out of the three role players, 
the government is the most important as they are the project initiators and funders of social 
housing. Thus, if government decided to implement IBS the contractors and end-users will 
follow suit. The government is a strong role player in the private social housing field. The results 
of the study do not only show which building systems is more beneficial but also what 
requirements or criteria conflict and hinder each other’s success. A prime example is that the 
government requires the employment of labour within the community of the housing project with 
the noble intention of creating jobs and therefore socio-economic upliftment. However, this job 
creation incentive is a hindrance to the quality and production rate of the houses. Therefore, the 
results of this study can show what the government criteria is contradictory and can allow the 
reconsideration of the importance or extent of implementation of certain factors of their criteria.     

For Contractors and Other building professionals 
This study can be applied to other mass housing industries, form high density apartment 
developments to high income estate developments. Therefore in this regard the contractor can 
benefit from the results of this study. This study showed what advantages IBS can offer and in 
what circumstances it would be most beneficial. This is potentially valuable information to, not 
only the contractors, but also property developers, building material suppliers and construction 
professionals, as each of these organisations seek similar criteria within their line of work. 
Furthermore, the MCCFM analysis framework can be adapted to suit personal requirements, as 
only relevant criteria can be selected and the MCCFM will derive comparative feasibility 
analysis.   

 

End-User and Residents 
The residents of the houses can utilise this information as grounds for decision making. Since 
there is talk of a negative perception against prefabricated or industrialised houses the potential 
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home owner can make justified decision whether an industrialised built home might not be more 
beneficial than a conventionally built home. This does not only apply to residential buildings but 
to any other type, be it commercial, industrial or retail. The uses and class of IBS for housing in 
various countries are of a different nature. For example in Japan a prefabricated industrialised 
house is highly sought after, where in France industrialised from the bulk of housing (Conrads 
and Othman, 2008).  

Conclusions 
Housing the poor is one of the greatest challenges that face the South African Government. It is a 
broad issue and requires the efforts of every sector to be utilised if this problem to be solved. 
Since South Africa is a developing country and thus shares similar issues, problems and socio-
economic environment with other developing countries, the results of this research can therefore 
be applied to developing countries in general. The main issue of housing the poor addressed in 
this chapter is the low delivery rate, the increasing cost of houses, low quality level and being 
unsustainable.  
 
Data analysis showed that CBS received an unfavourable score for all three perspectives. This 
building system is associated with a number of problems such as slow delivery rate, poor quality 
standards and inefficiency. On the other hand, it is has the benefit of creating more jobs, design 
flexibility and less skill dependency.  

 

The IBS received a better overall score. This showed that this system is the favourable building 
system. IBS could help produce cheaper mass housing projects, faster delivery rate, at high 
quality standards and generally more efficient. On the other hand, the shortage of research on the 
use of IBS for low income housing in developing countries has made it difficult to predict the 
fate of IBS for housing the poor in South Africa. Factors where CBS would perform better such 
as Job creation, skills dependency and capital outlay are strong drawbacks towards implementing 
IBS for a developing country. 

 

In terms of the social housing situation in South Africa, the government set a goal to replace all 
informal houses with formal houses by 2015. This requires a delivery rate of about 600,000 
houses per annum from 2008. Currently the social housing delivery rate averages 250,000 per 
annum. Clearly the delivery rate would need to be drastically increased in order to reach the 
goal. The conventionally built houses cannot offer a sufficient delivery rate for housing, where 
IBS offers a greater delivery rate it would make sense that this building system should be 
adopted if the government’s goal is likely to be achieved.  

 

The South African government requires that the social housing contractors employ a certain 
number of labourers from the community where the houses are built. The purpose of this is to 
create more jobs and for socio-economic progression within these communities. The implication 
of this noble incentive is that it compromises the product quality and delivery rate of the houses 
as these employed labourers are mostly unskilled and inexperienced. Since these houses are built 
for the employed people they determine their own quality of the houses. Furthermore, these jobs 
will only lasts until the housing project is completed, since humans are gifted with perceptibility, 
the labourers will purposely work slowly so to delay the completion and in turn extend their 
employment. Clearly this is not sustainable instead a socio-economic progression factors should 
be implemented through entrepreneurship, self dependent communities and skills development.       
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This analysis is seen as the first stage of developing an optimum building design. The analysis 
regards the requirements of each perspective group which identifies precisely what the building 
system would need to achieve. This analysis also but more importantly, distinguishes the 
direction of which building system would be the most suitable, thus either the industrialised 
system or the conventional system. Since both of these systems are essentially different it is 
important to know on what building system the optimum building design should be based on. At 
this stage the analysis can only recommend a most suitable building system from a technical 
perspective. Ideally, certain qualities form both IBS and CBS would need to be amalgamated 
into one hybrid building system that is most suitable to the South African environment. The 
analysis proves that IBS offers more advantages than CBS for social housing and therefore the 
optimum building design should adopt greater degree of industrialised and only certain elements 
of conventional. 

Practical Tips 

 The poor, worldwide, resort to all sorts of means to house themselves in the face 
of a housing industry and policies that fail to provide them with affordable 
options.  

 The importance of housing for the poor contrasts sharply with housing conditions 
and official policies that exist in many developing countries. One billion people, a 
sixth of the world’s populations live in slums, 90 percent of them in developing 
countries. 

 A House is far more than living space and shelter. It is vital for the social and 
physiological health of a human being. A house is a place to live our lives, to 
interact with others, to rest, to nurture and feed ourselves, therefore adequate 
houses are essential for our well being. 

 The South African government set a goal to replace all informal houses with 
formal houses by 2015. This requires 600,000 houses per annum have to be built 
from 2008. The current delivery rate averages 250,000 per annum. A different 
approach has to be adopted if the government goals to be achieved. 

 The CBS is associated with a number of problems such as slow delivery rate, poor 
quality standards and inefficiency. On the other hand, it is has the benefit of 
creating more jobs, design flexibility and less skill dependency.  

 The IBS could produce cheaper, fast mass housing projects at high quality 
standards and generally more efficient. Contrarily, the shortage of research on 
the use of IBS for low income housing in developing countries has made it 
difficult to predict its fate in South Africa.  

 A new hybrid system that utilise the qualities of both IBS and CBS has to be 
developed. The new system should adopt greater degree of industrialised and 
only certain elements of conventional system to suite the South African 
environment.  

 There is a need for more research in the area of adoption and implementations of 
Industrialised Building System in developing countries. 
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Abstract 
The increasing market and society demands are causing the Building and Construction (BC) 
industry to change from a traditional into an innovative industry, characterised by co-
operation, efficiency and competition. The Open Building Manufacturing initiative 
(ManuBuild) anticipates on the new situation but it requires a change in the needs of skills 
and knowledge of (future) employees working in today’s BC industry. The future demand for 
just-in-time learning and training asks for a solid technical backbone which can serve a rich 
variety of reusable learning and training material which is independent of but expressible in 
various pedagogical approaches and interfaces, as to support initiatives similar to 
ManuBuild. In this regard the Delft University of Technology demonstrated the potential of 
eLearning through the application of state-of-the-art eLearning technologies such as virtual 
classrooms and learning portals in a number of real-life case studies, which were a success 
for both the lecturers and the students but also showed its limitations with regard to the 
socio-cultural aspects. 

In future we may expect virtual actors in the role of teachers (or experts). We forward several 
prerequisites for such “living”, intelligent, self-aware and social beings that we call Learning 
and Training Agents (LTAgents). Several prerequisites are basic computational power, self- 
and social awareness and finally learning and training capabilities. The BC industry future 
might face a rich variety of both human and digital actors that are immerged into a lifelong 
personalized, just-in-time learning and training environment. These environments facilitate 
custom-tailored blended modes of learning and training that are time and place independent. 

 

Keywords: Building and Construction industry, Agents, blended mode of learning and training, 
lifelong, just-in-time, custom-tailored, time and place independent 

Background 

Industrial Context 
Compared to the pace of innovation in other industries, the Building and Construction (BC) 
industry is rather traditional [Molen, et al, 2005]. In the last two decades however, increasing 
market and society demands are forcing the BC industry to change from a traditional industry 
branch, characterised by fragmentation and bewilderment into an innovative industry branch, 
characterised by co-operation, efficiency and competitiveness. In order to cope with the 
increasing demands, the BC industry is adopting new techniques and technologies in the field of 
management, organisation, manufacturing and ICKT. In this respect, a number of trends are 
noticeable including a number of reform programmes that have been initiated by national 
governments to facilitate this change such as the Rethinking programme1 in the United Kingdom 
                                                 
1  More information: http://www.rethinkingconstruction.org/ 
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and the PSIBouw programme2 in the Netherlands as well as the European Open Building 
Manufacturing initiative (ManuBuild). The Open Building Manufacturing (OBM) is an attempt 
to bring some of the salient features of efficient manufacturing to the BC sector. According to 
the ManuBuild consortium, OBM is a new paradigm for building production and procurement by 
combining highly efficient manufacturing techniques in factories and on construction sites as 
well as an open system for products and components offering diversity of supply and building 
component configuration opportunities in the open market [Kazi et al, 2007]. This new paradigm 
together with other proposed reformations places heavy demands on the competence of the BC 
industry and its employees - a new type of competence that is not the same as it used to be. 
These types of changes require a change in ways of “deciding, doing, acting and responding” 
within the industry, i.e. it requires a change in the needs of skills and knowledge of (future) 
employees working in today’s BC industry.  

Allowing for specific definitions of some terms used in this chapter will help to clear 
understanding of concepts that are introduced later on: 

- Learning is the act of acquiring an active knowledge of technical issues related to the 
changing BC skills  

- Training is the act of acquiring performances that are required for the application of new BC 
skills  

- Blended learning and training policy refers to the necessity of simultaneous availability of a 
blend of various modes of learning and training for new BC skills as well as favourable 
working environments and working cultures for BC disciplines 

- ICKT refers to the Information, Communication and Knowledge Technology 
 

Problem 
The aforementioned changes pose a real challenge for traditional (higher) educational institutes 
in terms of education delivery. Following a higher education for a couple of years and afterwards 
having a job for life is a picture that belongs to the past. In order to provide an answer to the 
continuing changes of skills, competences and knowledge, the BC industry (including 
educational institutes) have adopted the concepts of lifelong or continuous learning3. As stated 
by Abbott [SkillSoft, 2006]:  

“The future will all be about just-in-time training, training that people can take out in the field, 
at home or wherever they happen to be. So, increasingly, I think what’s happening is that we’re 
turning to things like eLearning and bite-sized learning”.  

In this context eLearning refers to the application of advanced information, communication and 
knowledge technologies (ICKT) and digital media which have created excellent conditions for 
profoundly improving the traditional learning and training environments in the BC industry. New 
modes of learning and training can enhance one’s ability to proactively construct his or her 
personal learning environment capable of surmounting the barriers of time and location. These 
developments have contributed to the uptake of on-line learning or eLearning systems that have 
become widely (commercially) available and accessible. A survey conducted by e-
BusinessW@tch in 2006, showed an increasing use of eLearning systems within the BC 
industry. According to this survey, 30% of the large companies (250+ employees), 14% of the 

                                                 
2  More Information: http:/www.psibouw.nl/. 
3  A survey carried out in 2006 by SkillSoft in the UK with over 5000 employees, all of whom were in full time 

employment, ranging from junior positions to managers and director level employees, regarding their views on 
the lifelong learning/training programmes revealed significant insight into the necessity and advantages of such 
programmes but also showed a great many obstacles when traditional means for learning and training were 
employed (SkillSoft, 2006). 
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medium companies (50-249 employees) and 7% of the small companies (10-49 employees) 
reported eLearning practices. From a technological perspective, many commercially available 
eLearning (and eTraining) systems support many of the specific requirements of the BC 
industry, but from a socio-cultural perspective they are not well tailored to the working and 
thinking culture of the BC industry [Beheshti et al, 2007].  

Potential Solution 

Key Requirements 
In order to overcome the aforementioned limitations of the current generation of 
eLearning/eTraining systems we need to enhance existing eLearning systems with respect to 
didactical, social and technical aspects. Essentially the BC industry needs continuous, up-to-date 
and dynamic learning and training environments that offer time and place independent just-in-
time delivery of learning and training material, presented in an appropriate didactical form. 
Consequently educational institutes will need to thoroughly change their (rather static) 
educational programmes and other learning/training schemes to facilitate these future demands.  

Open Building Manufacturing 
Open Building Manufacturing and other developments can only be successful if we can change 
skills and knowledge of (future) employees working in today’s BC industry. Although digital 
learning and training environments are able to provide a sound basis for transferring new 
knowledge from research to practice, the current generation of supporting eLearning and 
eTraining systems are still very limited from a socio-cultural perspective and are not well 
tailored to the working and thinking culture of the BC industry.  

Approach 
In order to anticipate on the rapidly changing learning and training requirements in the BC 
industry, we analyze the didactical, pedagogical and technical backgrounds of learning/training 
environments, and support the discussion with three case studies. Finally we discuss virtual 
actors in the role of teachers (or experts) as to maximise the benefits of OBM and other 
developments. We forward several prerequisites for such “living”, intelligent, self-aware and 
social beings that we call Learning and Training Agents (LTAgents).  

Analysis 

Didactical and pedagogical backgrounds  
The main actors in the learning process are students supported by teachers/tutors and ICKT tools. 
Different learning characteristics according to Montgomery [1995] are: ‘Processing, Perception, 
Input and Understanding’. This emphasizes that we must harmonize the course materials to 
different types of student minds and learning styles. In our case the ICKT supported learning 
material for the BC industry must facilitate different pedagogical approaches, human computer 
interactions and working culture of BC enterprises. 
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Figure 1 The Learning Pyramid of Bales [2001] indicates that the traditional lecture as mode of teaching provides 

the least retention of knowledge. 

 

The Learning Pyramid of Bales emphasizes the importance of self teaching (learning and 
training) and advocates self didactic methods. People are different in how they tackle learning 
and training issues. It seems that ‘diverging learning style persons’ favour brainstorm, have 
broad cultural interest, like to gather information and prefer to work in groups. ‘Assimilating 
style persons’, on the other hand, prefer information put in concise, logical form and are 
interested in ideas and abstract concepts. In a learning situation they prefer reading, lectures, 
exploiting analytical models and require adequate time to think through. ‘Converging style 
persons’ like to deal with technical tasks and problems. The ‘Accommodating style persons’ 
enjoy challenging experiments and acting on their feelings rather than logical analysis. They also 
prefer to work with others to get assignments done, to set goals, to do field work and to test out 
different approaches for completing a project [Kolb & Kolb, 1999/2005].  

Nonaka & Takeuchi [1995] suggest the importance of merging tacit and explicit knowledge into 
creation of new knowledge for organizations with an emphasis on change. This refers to the 
contexts of learning and training through interaction, followed by an externalization mode 
triggered by meaningful dialogue or collective reflection, through networking. This is in fact a 
reference to the necessity of blended modes of learning and training for BC disciplines when 
autodidact modes are combined with group activities and discussion sessions. It is Kolbs’ idea 
that the ability to both generate and reduce complexity must be a hallmark of academic 
excellence, which is also crucial for lifelong learning and training of stakeholders of BC 
disciplines. 

Technological backgrounds 
The role of educational technology standards in eLearning and eTraining has been the attempt to 
enable interoperability and compatibility between various available technologies and modes of 
learning and training. The fundamental concept is reusable ICKT standards focused on semantic 
information to be attached to these for content management (i.e. idea of Learning Objects, LO). 
This allows the creation of Sharable Content Objects, which comprise a set of Los, which can be 
managed as a single entity by an eLearning and eTraining environment. The role of structuring 
the delivery of the learning content and training skills is currently handled by sequencing 
specifications that defines through an activity tree how a learner can progress through the content 
of an eLearning set of knowledge and an eTraining set of skills that can be managed by an 
Learning Resource Metadata specification (IMS) for learning and training. These standards and 
specifications are both micro-level specifications, based on LOs and at the macro-level the 
specifications that address the architecture of learning and training environments. An interesting 
development relevant to this discussion is Open Knowledge Initiative (OKI) that is developed at 
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MIT and Stanford as an open-source reference system for Web-enabled education. OKI provides 
a set of resources with an architecture that is designed to enable the development of easy-to-use, 
Web-based environments and for assembling, delivering and accessing educational resources. 
These are useful resources for the realisation of longlife learning and training for BC disciplines. 

Hardware requirements for eLearning and eTraining environments 
As discussed earlier, eLearning and eTraining are all-encompassing terms generally used to refer 
to computer-enhanced learning and training. The role of computers in supporting the cause of 
learning and training processes varies greatly. According to layer 3 of the LTSA4 (Learning 
Technology Systems Architecture) standard (IEEE P1484.1) an LTSA-compliant eLearning 
system consists of a number of computer supported learning processes, information exchanges 
and storages (components) as shown in Figure 2. 

 
Figure 2 The LTSA system components (source: http://www.informatik.uni-bremen.de/). An oval refers to a process 

(i.e. Delivery, Learner, Evaluation, and System Coach). A rectangle refers to information storage (i.e. Learning 
Resources and Record Databases). A line refers to an information exchange component (e.g. Learning Content and 

Multimedia). 

 

The first eLearning systems were developed in the early 60’s of the previous century. The 
PLATO (Programmed Logic for Automatic Teaching Operations) system developed in 1960 at 
the University of Illinois at Urbana-Champaign, the first CAI (Computer Aided Instructions) 
system developed by the Science Research Council and the Wicat system developed by Wicat 
Systems (later known as Virtual Systems) and based on their authoring tool WISE are seen as the 
forerunners of eLearning [Sirohi, 2007]. With the advancement of ICKT the possibilities for 
supporting the learning processes increased dramatically. Currently, a number of state-of-art 
ICKT is used in modern eLearning (and eTraining) systems such as screencasts, ePortfolios, 
Personal Digital Assistants, mobile phones, MP3 Players, web-based teaching materials, 
hypermedia, multimedia, web sites, discussion boards, collaborative software, e-mail, web logs, 
Wikipedia’s, text chat, computer aided assessment, educational animation, gaming and 
simulation. 

In higher education there is an increasing tendency to create so-called Virtual Learning 
Environments (VLEs) which are ‘integrated’ eLearning systems incorporating functionalities to 
interact with existing administrative, student tracking, financial etc., systems. In a VLE all 
                                                 
4  Note that a number of different eLearning standards are developed or under development, each addressing a 

specific domain of eLearning. For example, SCORM is a content-related standard with the focus on the 
portability of eLearning content. Other example is IMS that is a standard with the focus on the learner’s profile, 
learning resource tagging and content packaging. A quick search on the Internet reveals a large number of 
ongoing, often overlapping, standardisation efforts each addressing a specific domain of eLearning or eTraining.  



Development of Digital Learning Environments for the BC industry 

aspects of a course are handled through a consistent user interface standard throughout the 
educational institute. Although most VLE systems provide some degree of interoperability, they 
can be regarded as ’closed’ systems, lacking interoperability with other (educational) systems 
existing in the same or in different educational institutes. Being able to share digital learning 
content through open and interoperable eLearning/eTraining systems is a prerequisite for 
enhancing and strengthening education and training in the BC industry at all levels and in all 
disciplines. 

Blended mode of learning and training environments 
Most people consider the elimination of face-to-face contact with trainers and other learners the 
most serious weakness of eLearning (and eTraining) [Mohaupt, 2005]. In order to overcome the 
weaknesses and to capitalize the strength of eLearning while maintaining the benefits of 
traditional (face-to-face) learning, the concept of blended learning has been introduced recently. 
In the strictest sense, blended learning is when trainers or other learners combine these two 
methods of education delivery. Several (higher) educational institutes implemented blended 
learning in dissimilar ways due to a lack of standards. One should be aware that no two blended 
learning designs are identical and that the combination of eLearning and face-to-face instruction 
is influenced by many factors such as the course instructional goals, student characteristics, 
instructor experience and teaching style, discipline, development level and online resources 
[Osguthorpe & Graham, 2003].  

Case studies 
This section explains three eLearning experiments that are carried out for three BC related 
academic subjects. These are respectively the eLearning MSc Programme IT Construction (also 
known as the ITC Euromaster), an eLearning Parametric Design Course and the MSc 
Programme Construction Management and Engineering (CME).  

Case 1: eLearning MSc Programme IT Construction 
The main objective of this project was to develop a curriculum for ‘IT in Construction’ to give 
students with a university degree in civil, building or structural engineering, surveying, 
construction or architecture the possibility to extend their knowledge in the application of IT in 
the BC related disciplines.  

One of the immediate positive effects of the project was a continuous cooperation between the 
partners (10 European universities including TUDelft). A joint teaching experiment between the 
University of Dresden and the University of Maribor emerged by using videoconferencing and 
application sharing technology. The main goal of their experiment was to improve the learning 
and teaching methods and skills with a special focus on Web-based Distant Learning 
technologies.  

The teaching material was presented to the class by a shared presentation application and it was 
available to the students through the existing web-based platforms of each partner university. 
Different software (CUSeeme videoconferencing server, VCON MXM server, CUSeeme client, 
vPoint, client, Click-To-Meet and NetMeeting) and different types of supporting infrastructure 
were used during the experiment. The separate platforms allowed for individual schedules and 
additional seminars taught individually. Figure 3 shows the main infrastructure of the course.  
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Figure 3 The main infrastructure of the course 

 

The main findings of this experiment revealed the following requirements for eLearning:  

- Avoidance of anonymity of the lecturer, by using for example video 
- Personal contact with lecturers or teaching assistants for individual guidance 
- A sufficient performance of bi-directional audio, video and data transmission 
- Application sharing, including the share of control 
 

Case II Parametric Design eLearning Course 
The faculty of Civil Engineering and Geosciences at the Delft University of Technology offers 
elective courses on the application of ICKT for the BC industry. Elective courses are often 
planned simultaneously with obligatory courses, which prevent students from being present. 
Following the experience with the ITC Euromaster, an experiment was conducted to tackle the 
problems of the elective Parametric Design course. The course is meant to teach the basic 
principles of computer graphics and parametric design systems. 

The Click-To-Meet (CTM) environment replaced the lecture hall (Figure 4). CTM is a 
Client/Server solution for on-line meetings and application sharing. The eLearning environment 
Blackboard was used to provide the students with all documents related to the course. The 
lectures were recorded using MS Producer and posted on Blackboard. The students were asked 
to prepare themselves prior to the eTutorial in their own convenient time. At the communally 
agreed times (most students were at home) eTutorials were held where the students and the 
lecturers had animated discussions about the content of the course.  

The experience showed that students actually learned the material because they were able to 
formulate questions and discuss the content of the lecture that increased their insight. One 
analysis can be that the concentrated attention of the student to the lecture was enforced by a 
focused look at the screen and any disturbing noises were cut out by the voice of the lecturer in 
the headphone.  
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Figure 4 Snapshot of an eLecture session 

 

The enthusiast students noted that they spent time to study on a weekly basis instead of leaving 
the study to a few days before the examination. Compared with years before the experiment, the 
students gained a deeper understanding of parametric design systems and computer graphics. 
They developed insight far beyond the course requirements. In addition the students experienced 
the proactive participation in the course and the individual time management as beneficial to 
more effective learning. 

The enthusiasm of the students was such that each eTutorial was prolonged beyond the agreed 
time span of 90 minutes. In particular they noted that for the first time they spent time on 
studying a course on a weekly basis instead of leaving the study to a few days before the 
examination. Supervision of exercises was arranged by a small number of eTutorials and by 
emails (Figure 5). 

 

 
Figure 5 A snapshot of an eTutorial session 
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Case III: MSc Programme Construction Management and Engineering 
(CME) 
Currently the three Dutch universities of technology have formed a federation (3TU) that 
facilitates joint education and research programmes in different graduate schools (GS). While 
most 3TU MSc development groups primarily focused on the development and organization of 
their curriculum, the ICT & Education and ELO-Groupware (ICT&E) groups tried to sketch a 
realistic perspective for a future digital learning environment for the 3TU graduate school (GS).  

One of the problems of the ICT&E group was that it was not very clear what was needed and 
when was needed to facilitate the 3TU MSc curricula, which resulted in fragmented solutions. 
Moreover the three locations of the 3TU GS already implemented different and rather traditional 
and closed (in terms of interoperability) digital learning environments based on the technology 
provided by Blackboard (TUDelft), WebCT (TU/e) and TeleTOP (UT). The main idea now is 
not to replace the existing digital learning environments but to integrate them in such a way that 
they work together as a single 3TU digital learning environment with a common interface from 
which students can follow courses independent of location and time. In 2007, the ICT&E group 
proposed the reference architecture for a future 3TU digital learning environment based on the 
Service Oriented Approach (SOA). However, at the time writing of this chapter, a common 3TU 
digital learning environment is still a long term ambition and its development is lacking progress 
due to financial, technical and political reasons.  

For the time being, SURF provides a number of temporary and pragmatic technical solutions. 
SURF is the higher education and research partnership organization for network services and 
ICT in the Netherlands. It exploits a hybrid network (SURFnet6) and offers innovative services 
for security, authorization, middleware, identity management, groupware and videoconferencing. 
In the academic year 2007/2008 Microsoft SharePoint Portal technology provided by SURF 
(SURFgroups) became available for central exchange and collection of learning material. 

The following conclusions can be derived from a short evaluation about the uptake of the 
additional digital learning technologies and tools provided by SURF during the first semester of 
the MSc CME programme: 

- Both teachers and students prefer to use their local digital learning environments and 
functionalities with which they are familiar, above those provided by SURF 

- Students from different universities who work together use traditional communication tools 
such as telephone and e-mail, to discuss and to exchange information rather than using the 
collaboration tools provided by SURF 

- SharePoint Portal technology is being used in only one specific course. However, this 
technology was not provided by SURFgroups but it was based on the existing course ICT 
infrastructure at the TU/e 

- The differences between the digital learning environments prevented hampered non-native 
students to use native digital learning environments, even though SURF provides 
functionalities to transparent access from non-native universities  

 

Prerequisites for BC eLearning and eTraining environments 
With the experiences gathered in the case studies, our main objective is to develop a semantic-
based, context-aware and cognitive learning and training environment for the BC sector in order 
to exchange, organise, process and (re)use complex, dynamic construction information and 
knowledge. In other words our research aims at physically constructing a specific and generic 
system that can perceive and understand the semantics of construction information conveyed 
through its perceptual input. This Cognitive Information Environment (CIE) is formed by a 
community of ‘living’ learning and training agents (LTAgents) that are intelligent, self-aware 
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and capable to exchange information among themselves and towards their environment. This 
cognitive system will be distributed amongst associated LTAgents that can interact and exchange 
information. The CIE must evolve (by learning, adapting or improving) in order to achieve a 
level of autonomy and performance in activities that require context-specific (situation or task) 
information and knowledge. The CIE aims to maximise automation of the complete information 
and knowledge life cycle and to achieve semantic, contextual interoperability between actors 
(teachers and learners on one hand and LTagents on the other hand), in multi-disciplinary 
processes. Formal learning documentation is kept up to date through content mining (information 
and knowledge mining) of the dispersed process data, which is available over the Web. 
Semantic-enabled systems and services are self-organising, robust and scalable. They enable a 
better mastery of complex, dynamic information and knowledge spaces populated by numerous 
documents. 

Currently formal learning and training documents play a major role in the communication 
between students and teachers. It forms the information and knowledge spine of these multi-
disciplinary and multi-actor learning and training processes. A typical characteristics of the 
heterogeneous datasets contained in these documents is the uncertain and dynamic nature of the 
information and knowledge. Another important characteristic is that the multimedia content of 
these learning and training documents is highly interconnected, making it all the more difficult to 
preserve the integrity of the document base. The inflexibility of traditional eLearning/eTraining 
and related systems is widely known and it is often the reason that investments do not pay off. 

With the arrival of the Next Generation Internet and the Semantic Web, multimedia process 
information can be based on shared domain-specific ontologies and marked up according to the 
needs of the receiver (human or machine). The integration of content and services will ensure a 
continuous and autonomous update of information through various resources over the Web. It 
thus provides a new way to organize information and knowledge logistics. In addition, recent 
advances in computational intelligence (including soft computing, distributed artificial 
intelligence and artificial consciousness) provide a whole new research domain in the area of 
cognition, self-awareness, perception-guided mental modelling and selective knowledge 
extraction. 

With the starting point described above, one can think of the class of formal LTAgents as context 
sensitive virtual beings with ‘self-knowledge’, i.e. LTAgents that: (1) update their (multimedia) 
content if needed, (2) translate and present their content in both human and machine languages, 
(3) use different multimedia techniques or devices to process and present information and 
knowledge (even print the content on paper) and (4) behave differently in different 
circumstances and for different learner’s profiles, for example apply different local rules in 
different locations or countries or take into account learning capabilities of learners with their 
own pace of learning. The LTAgent definition goes beyond the paper-based representation of 
learning and training documents (text, drawing, etc.). It is rather a container to define, represent 
and present streams of information and knowledge. The semantics of information and knowledge 
are captured in shared taxonomies and ontologies. In this regard, LTAgents provide a meaningful 
link between semantics and content. 

In this regard two interesting international efforts are Microsoft’s InfoPath and Adobe’s XMP 
that can be used for preparing learning documents. Both are cutting-edge technologies, based on 
XML. In both approaches, documents are seen as entities that can understand their content and 
can act as holders of streams of (multimedia) information. While understanding their content, 
these LTAgents are able to update their content and represent themselves in multiple ways. 
Although these new approaches are certainly a good step forward, applying these concepts to 
complex multi-disciplinary and multi-actor learning environments is extremely difficult as the 
students and teachers usually have no prior experience of such type of collaboration. Only self-
awareness is not good enough: awareness should be extended to a level that the LTAgents are 
able to understand the surrounding world as well as other LTAgents, humans, machines, etc.  
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The first prerequisite for an individual LTAgent is a computational base. LTAgent is expected to 
communicate with humans and therefore it must preferably behave human-like, which will 
harness considerable processing power. Our brain is a massive parallel distributed computing 
machine. Possibly the internet with millions of parallel distributed computers can provide this 
type of machinery. According to computer scientist Gutman [2007], the computer virus Storm 
Worm Botnet has infected between 1 and 10 million computers and thus the composite system 
embodies far more than 10 supercomputers. A commercial legal initiative to achieve a similar 
goal is Seti@Home. A powerful future computer might be a quantum computer. The first 
commercial 16-qubit quantum exemplar built by the company D-Wave is a fact. A quantum 
computer with a few thousands qubits (opposed to bits in traditional computers) can solve 
problems far more complex than current computers can handle. Every extra qubit contributes 
exponentially to overall performance. It is particularly suitable for complex, inter-related 
problem solving. However, experts believe that a stable quantum computer with an interesting 
amount of qubits might still take decades to develop. Computers based on light do provide the 
principle of superposition but not that of entanglement. Therefore they are not as promising as 
quantum computers. 

A second prerequisite is the ability of self-awareness. LTAgent is no longer a pre-coded 
situation-specific executable. It rather is a personality that gets moulded by the situation itself, 
and develops certain skills and interests in time. It does not operate on bit or qubit level but it is a 
result of the basic system rules. An example is the behaviour of an ant colony, which is far more 
complex than the behaviour of individual ants that solely obey the rules of odours. Similar is the 
fascinating behaviour of millions of neurons which again solely obey the rules of electrical 
conductivity and chemical processes. Both the ant and the brain systems strongly rely on a 
reliable feedback system (the cerebellum in the brain) that continuously compares intentions 
with sensory information (cerebellum). Although the basic machinery follows strict rules, the 
result is a self-aware spirit. We consider the feedback mechanism to be the spirit.  

The spirit focuses on specific learning and training or on instant adaptations as soon as intentions 
and actual sensory information are too far apart. The ability to focus on the unknown and the 
unexpected (based on already acquired knowledge) significantly contributes to reduce the 
complex task of learning and training. Even learning and training themselves strongly rely on 
feedback mechanisms. One can start learning, do exercises and conclude not to fully understand 
parts of the material. Consequently one might focus on specific parts of the material to improve 
skills. Summarized, a spirit checks the actual results and focuses on just-in-time self-education 
or adaptations if needed. If the actual results satisfy the intentions, then the spirit might want to 
share the best practice with others. 

The third prerequisite for LTAgent is its social skills and interoperability. A community of 
interacting actors benefits of far more robustness than a single actor. A single actor that lacks 
certain skills can query other agents. If collective local knowledge (including archives, etc) fails 
then LTAgent can query other communities, internet and such. Such queries do require 
appropriate skills; other actors might be busy, ‘talk’ different languages or simply dislike the 
inquirer. In this respect, interfaces become important to support social skills. Humans 
communicate about highly complex matters primarily using voice and vision. This demonstrates 
that a generic, high-level and imprecise interface (that might not be the most efficient) does fulfil 
the role of translating high-level instructions into precise lower level ‘machine’ language. It thus 
eliminates the need for implementing protocols for specific situations. After multiple rounds of 
time-consuming high-level communication actors might agree on lower level protocols and 
speed up the process. In fact humans continuously reorganize processes, which is more or less 
similar to agreeing upon new, faster protocols. The higher communication levels prevent the 
total organization from failure if low level protocols seize due to unexpected situations. 
Referring to the ant colony, the colony survives loss of (groups of) ants. 
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The fourth prerequisite is presence. Research has shown that presence – even in simple forms 
such as avatars – is very appealing to humans and improves their performance significantly. 
Androids that use the entire LTAgent environment as a brain can therefore serve as an optimal 
human-agent interface in learning and training situations. Androids can always communicate 
mutually even though they have completely different brains, because they will have similar 
properties (character, skills etc) and a common high-level communication protocol – the human 
language. Androids might group together to form even higher levels of beings such as 
specialized companies. 

An android has the drawback of necessary physical presence. In the LTAgent environment this is 
not possible or desirable. Because the LTAgent brain is not restricted to a physical location, it 
can appear in multiple ways to humans, other androids and LTAgents. They could exchange 
brains with other androids, appear at multiple locations simultaneously, choose to be an avatar, 
invisibly work in their virtual workspace and use additional presentation tools such as other 
devices, systems or environments. The advantage of high-level interfacing capabilities is that a 
system can always manage lower level interfaces. It will be able to prepare the necessary input 
and to interpret the outputs. Therefore the LTAgent brain can perform detailed tasks based on 
high-level semantic interfaces. An example of such a system is one human instructing another 
using only (imprecise) voice and gestures to analyze the deflections of a bridge in great detail 
with specific FEM software. 

The proposed LTAgent combines semantically enriched learning and training content and 
methods with multi-agent technology, supported by domain-specific ontologies. These support 
knowledge-intensive tasks that require reasoning, especially for optimisation of collaboration, 
communication and control of multi-disciplinary, multi-actor, multilingual, multicultural 
learning and training processes. The LTAgent addresses the functionality of knowledge systems 
supporting complex, multi-disciplinary learning and training processes which result in a new 
generation of tools for supporting automatic acquisition, analysis, annotation, (re)organisation, 
browsing, filtering, processing and presentation (e.g. as graphs, diagrams, technical drawings or 
3D models) of dynamic learning and training. 

We propose a new generation of intelligent LTAgents that are self-aware5, user-aware6, 
knowledge-aware7, process-aware8, control-aware9 and content-/context-aware10. In a more 
implicit way, we consider standards and approaches from various trends related to Web content, 
Web platforms and Web users in order to avoid the mismatch between these trends. The 
technology to develop such documents is largely available: 

- Cognitive reasoning based on the newly emerging field of 'artificial consciousness' (AC) and 
techniques from the field of distributed Artificial Intelligence. Cognition seems to emerge in 
sufficiently complex distributed systems. Although each individual component cannot build a 
mental model for its own entity, it can build models for the other entities it distinguishes. 
Thus the mental model of the whole system is distributed as well. Cognition will enable 

                                                 
5  Self-awareness is the ability of a learning agent to combine the content with a definition of its internal structure 

allowing for automatic decoding of the content. 
6  User-awareness is the ability to extract and present information and knowledge for a type of user (i.e. role-based) 

according to the user profile (e.g. different types of students and teachers). 
7  Knowledge-awareness is the ability to find and retrieve knowledge from knowledge repositories that provide the 

necessary knowledge about the ‘outside’ world, including knowledge about the role of the student or teacher in 
relation to the ‘learning agent type(s)’ requested by the learner or teacher. 

8  Learning process-awareness is the ability to understand (in addition to knowledge-aware) the business processes, 
activities and responsibilities attached to user’s role. 

9  Control-awareness is the ability to evaluate and implement the degrees of control regarding users (actors and 
stakeholders) responsibilities and roles in relation to the documents. Furthermore here we refer to the 
interrelationship between documents themselves regarding communication and collaboration.  

10  Content/context-awareness is the ability to present the content in relation to the context that the content is used in. 
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LTAgents to visualise such models first for their own contents, then for their environment 
and their relationship with the other LTAgents.  

- Web content based on XML technology, can provide the necessary mechanisms for 
structuring the content of LTAgents. The results of past and ongoing XML-efforts, such as 
the Semantic Web and the more domain-specific taxonomies and/or ontologies (e.g. 
ebXML), will enhance the semantic communication between LTAgents. 

- Modelling techniques (including product-, process- and knowledge modelling), in addition to 
XML-based taxonomies and ontologies, can provide the necessary mechanisms for 
structuring multimedia, non-textual data (e.g. shape information), and process and context 
information of the LTAgents.  

- Web services and platforms such as .NET and J2EE/JXTA, can provide the necessary ICT 
infrastructure for the virtual learning environment where LTAgents communicate and exist, 
including support for the core standards for information and knowledge transfer (e.g. SOAP, 
WSDL, UDDI and XML). 

- Soft Computing (artificial intelligence) can provide the necessary mechanisms for LTAgents 
to act as autonomous intelligent entities that are able to understand the outside world, to be 
adaptive to changes and to learn from interaction and behaviour of users (learners and 
teachers) and from other LTAgents. Soft Computing refers to AI-technologies such as data 
mining, (multiple) Agent Technology, neural networks, fuzzy logic and classifier systems. 

- Mobile communication technology and infrastructure covers all information resources, 
channels, processors and interaction devices that can be used to make LTAgents accessible. 

- Text and multimedia recognition such as automatic text parsing, natural language processing, 
semantic information extraction, text understanding, and shape and image recognition, can 
support the construction of self-aware LTAgent components that are able to parse content 
and information.  

 
The LTAgent’s point of view is that any LTAgent can interpret its content by intelligent 
reasoning and extracting knowledge from it. In this regard, the content of the LTAgent is not 
static. Self-awareness is of extreme importance in this process because the end-user is not 
required to participate in the interpretation process. The LTAgent dynamically intelligently 
decides and restructures itself using an overlay component according to the context, platform and 
specified conditions at the appropriate time, tailored to end-user characteristics, environment, 
requirements and specifications. LTAgent as a cognitive being is perceptually enabled and 
generates appropriate actions and behaviours. In most sophisticated form, a model of situation 
will be provided by the being that enables reasoning. Also, the perception of LTAgent can 
directly result in the selection of the appropriate behaviour, execution of an action or a change in 
focus of attention (with no immediate external manifestation). Arguably the coordination of 
perception and action in a cognitive system requires reasoning. Such reasoning can occur over 
multiple time scales and levels of abstraction, exhibiting an appropriate (probably) reflexive 
behaviour. Also, reasoning may be used to bring actions or behaviour to a desired level or status. 
Furthermore, the reasoning may also be used to generate new goals or to learn new abilities. 
LTAgent as a cognitive being is able to form and exploit new concepts by sharing and 
exchanging concepts with other related LTAgents. Consequently the LTAgent must learn which 
is not restricted to recognition and categorization. Important areas to address are the ability to 
learn and coordinate perception-action cycles, to learn procedures to accomplish goals, to learn 
new concepts, and to learn to improve new plans of actions. 
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TO_BE 

Figure 6 The main idea for LTAgents, explaining the AS-IS and TO-BE situations regarding communication, 
collaboration and cooperation 

 

A high degree of Soft Computing is involved in this task. First, a learning component is useful 
since the exact response of the LTAgent to the environmental conditions need not be pre-
determined. The response is acquired via an unsupervised interactive incremental learning 
process that results in a response ‘attitude’ given certain conditions. The crucial point in this 
approach is the ability of a LTAgent to transfer (copy or merge) this conditional attitude (i.e. its 
knowledge) to other LTAgents it interacts with, thus reducing the overall learning curve for a set 
of interacting LTAgents. Soft Computing is also involved in the reasoning process associated 
with the LTAgent self-restructuring. The inference engine must be pre-programmed in the 
LTAgent in order to manage efficiently both the appearance (view) of the LTAgent and the 
dynamic change of its content. The self-awareness part is constructed using some of the common 
knowledge representation methods and the science of cognitive reasoning is suitable for this 
purpose.  

The LTAgent paradigm includes the concept of ‘responsive’ function for improved control of 
multi-disciplinary, multi-actor, multicultural, multilingual, multimodal processes for learning 
and training circumstances. ‘Responsiveness’ here is defined as the LTAgent’s ability to act 
autonomously with respect to its role and goals, which includes reporting the required 
information and knowledge (also with a multimedia content) to the right receivers at the right 
time, in the right format and language (both human and machine), on the correct device (i.e. 
multimodal), in the correct media (e.g. voice, text, graphics, VR, etc.) and in the right place (i.e. 
the correct geographic location). This ability, and the ability to keep their users well informed 
about their progress, allows the LTAgents to be trusted upon by the users or systems for their 
reliability and consistency. The following table presents the components and objectives of the 
LTAgent. 
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Table 1 Components and objectives of LTAgents 

LTAgent 

Objectives 

This chapter aims to investigate the potentials of a new LTAgent in the form of a learning and 
training environment to (1) maximise automation of the complete information and knowledge 
life cycle, (2) achieve semantic interoperability between actors and (3) improve 
communication, collaboration and cooperation of complex, multi-disciplinary and multi-actor 
learning and training processes. The LTAgent is able to interpret its content by intelligent 
reasoning and to extract knowledge from it. It contains a dynamic overlay component that is 
able to re-index the content (and thus the view) of the LTAgent according to the contextual 
conditions. Self-awareness is of extreme importance in this process because the end-user is 
not required to participate in the interpretation process. The LTAgent decides and 
restructures itself according to the context, platform and specified conditions at the 
appropriate time, tailored to end-user’s characteristics, environment, requirements and 
specifications.  

Focus 

LTAgent will be equipped with adapted methodologies, tools and architectures that support 
the concept of a cognitive, semantically enabled, being. LTAgent as a cognitive being is 
perceptually enabled in order to generate appropriate actions and behaviours. In most 
sophisticated form, the being that enables reasoning at environmental level provides a model 
of the situation. Also, the perception of LTAgent can directly result in the selection of the 
appropriate behaviour, execution of goal-oriented tasks or a change in focus of attention 
(with no immediate external manifestation). LTAgent as a cognitive being is able to form and 
exploit new concepts by communicating, sharing and exchanging of concepts with other 
LTAgents in the LTAgent CIE environment. 

 

In the area of fundamental methods, LTAgent puts a new light on the prevailing learning and 
training paradigm. LTAgent is an innovative new concept of proactive11, mutually 
interrogative12, ambient13, adaptive14 and responsive15 learning documents that are self-aware, 
user-aware, knowledge-aware, process-aware, control-aware and content-/context-aware. 
LTAgents can react to information and knowledge mining or analysis requests as well as actively 
exchange and share both content and knowledge with other LTAgents and their users within the 
LTAgent CIE environment by hosting various types of (multimedia) content.  

 

                                                 
11  ‘Proactive’ is the ability of a learning agent to learn during the learning life cycle and to act accordingly. 
12  ‘Mutually interrogative’ is the ability of a learning agent to consult and negotiate with other learning agents and 

to synchronise and/or update its content. In addition to its ‘self-awareness’, a learning agent is able to exchange 
experience with other learning agents. 

13  ‘Ambient’ is the characteristic of the virtual eWork environment wherein learning agents operate. 
14  ‘Adaptive’ is the ability of a learning agent to adapt its behaviour or content to changing circumstances, users, 

conditions, platforms and devices. 
15  ‘Responsive’ is the ability of learning agents to carry responsibility, i.e., try hard to reach their goals, report the 

required information and knowledge (multimedia content) to the right users, at the right time, in the right format 
and language (both human and computer languages), on the correct device (i.e. multi-modal), in the correct media 
(e.g. voice, text, graphics, VR) and at the right place (i.e. the correct geographic location). This ability of learning 
agents and the ability to keep users well informed about their progress enable users and systems to trust upon 
learning agents for their reliability and consistency. 
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Figure 7 The characteristics of the virtual environment in which LTAgents reside 

 

LTAgents identify, specify and formulate a new comprehensive, integrated formal model for 
learning paradigm, its infrastructure and CIE environment. In the field of formal models, the 
knowledge representation is extended from information in context to information and context. 
The less focused description of context and knowledge allows for adaptively building knowledge 
models around the primary content dimensions. Context knowledge (i.e. disciplines, roles and 
tasks) is initially targeted to enable ambient intelligence in interdisciplinary document-based CIE 
environments. The coordination and control of information and knowledge are often specified on 
a document meta-level but remain disconnected from the content. Semantically well-grounded 
task specifications, defining business processes, are established in order to allow the 
identification of actors or stakeholders and the analysis of their interrelationships. 

LTAgent explores new methods of learning and training. In addition to common methods of 
analysing the (human) knowledge generation processes or unsupervised clustering methods, 
LTAgent focuses especially on the domain/background knowledge that is encapsulated in 
domain-specific concept models of more complexity. LTAgents use this knowledge to guide the 
learning and training processes. In interdisciplinary learning and training environments, the 
information models of applications and the corresponding mental models of users (learners and 
trainers) determine the focus, structure and language of LTAgents. Learning from data and 
engineering models as well as from operational context information provides a clearer 
description of users’ view of the real world or their particular learning documents, and helps to 
clarify the corresponding rationales. On a component level, this externally and/or internally 
generated information on technical, information and knowledge models is used utilized to 
identify, analyze, process and visualize information, in indexing, browsing, filtering and 
visualizing services.  

The LTAgents as an intelligent information and knowledge provider enables easy 
interconnection of end-users (learners and trainers). LTAgents also support the re-engineering of 
new learning processes that especially rely on mobile technology and ubiquitous computing. The 
following list summarizes the above mentioned discussion regarding the specifications, 
characteristics and conditions of LTAgents: 
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- Web-enabled 
- Knowledge-aware 
- Content and Context aware 
- Process aware 

- Content can be process information 
- Context always contains process || Activities 

- It should be driven by user and the context 
- Communicative (content || context || knowledge) 
- Role-based (ambient) 
- Self aware and pro-active 
- Capability to classify (content || context || knowledge) 
- Adaptable and learning 

 

Artificial Characters in Virtual Learning Environments 
Virtual agents such as LTAgents have character, charisma, and wisdom (Figure 8). The 
character holds the information about the physical properties such as trait, feat, and profile. In 
addition, the character has a set of skills related to the agent’s profession. The skills are a set of 
languages it understands and uses, and the capability to learn and educate it self. Furthermore, it 
performs a certain intelligence that knows what knowledge it has. As an example, the company 
Virtual Personalities developed a character available via the Internet. The agent is capable of 
understanding neural languages. It is capable of making dialogs about certain subjects. In the 
future, we could expect more applications of agents as virtual partners in BC processes. 
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Figure 8 Knowledge and artificial character 
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Results and Business Impacts 

Key Findings 
Traditional learning (face to face) and eLearning/eTraining (just-in-time, personalized, 
continuous, time and location independent) both have their specific benefits and weaknesses. In 
order to maximize the benefits and to avoid the weaknesses of both a blended mode of learning 
and training is recommended. 

Learning by doing is an efficient way of learning. An active Cognitive Information Environment 
(CIE) implemented directly into a company’s production environment is an excellent way to 
provide an eLearning or eTraining environment that fits to the specific needs of the BC industry 
and provide a better return on investment than more traditional approaches. 

Business Impacts 
The BC industry will benefit from a custom tailored just-in-time learning and training 
environment that is seamlessly integrated with an employee’s personal production environment. 
Employees will perform better because they will be stimulated to learn and train their newly 
acquired knowledge directly in their production environment. In this regard it is beneficial for 
the business as a whole. Products will improve because employees learn much more about 
production if learning and training materials are tailor made and easily accessible for combined 
production and learning/training purposes. 

The interactive autonomously learning Cognitive Information Environment (CIE) will improve 
knowledge preservation throughout the business and further reduce the amount of time that 
employees spend to find relevant information. Integration with the production environment is 
beneficial for both humans and the CIE itself. 

A CIE will be a significant investment, but the return on investment will be high. It also is a way 
of both preserving a company’s knowledge and exchanging knowledge within the company (i.e. 
knowledge management), which makes the company less vulnerable for problems of the 
increasing shortage of higher qualified staff as a result of demographic ageing and the increased 
mobility of labour. 

Conclusions 
The main motivation for this research lies in the particularities of the current generation of 
eLearning systems with respect to the current trends in the BC industry. Open Building 
Manufacturing is one of these trends that fundamentally changes the way we design and 
construct buildings. It is very difficult to transform the ways of “deciding, doing, acting and 
responding” in an industry that did not change for decades or even centuries. It poses a true 
challenge for the traditional institutes in terms of education delivery. Instead of delivering very 
static (traditional) educational programmes, universities need to adapt their academic 
programmes dynamically to the demands arising from the new developments within the industry 
and to the specific needs of individual employees as part of their lifelong educational 
programmes.  

The higher educational institutes are currently transforming themselves from traditional learning 
institutes into lifelong learning institutes. The application of eLearning/eTraining, i.e. an all-
encompassing term generally used to refer to computer-enhanced learning or training, is seen as 
one of the key enablers for this transformation process. In order to overcome the most important 
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weakness of the current eLearning/eTraining approaches, i.e. the reduction of face-to-face 
contact to trainers and other learners, higher educational institutes started to embrace the concept 
of blended modes of learning and training. Blended learning and training, in the strictest sense, 
are the combination of eLearning/eTraining with traditional face-to-face learning and training. 
However, this relatively new concept of blended learning/training poses questions whether the 
current generation of eLearning/eTraining systems are able to support such blended processes. 
As discussed in this chapter a number of limitations of the current generation of 
eLearning/eTraining systems could be addressed.  

In order to overcome the limitations of the current generation eLearning/eTraining systems and 
adequately support blended learning/training processes the potentials of a new paradigm of a 
Cognitive Information Environment (CIE) is discussed in this chapter. This CIE is formed by a 
community of ‘living’ learning and training agents (LTAgents) that are highly intelligent and 
self-aware as well as being able to exchange information among themselves and towards their 
environment. This chapter argued the advantages of a paradigm shift for the BC industry of the 
future wherein a lifelong learning and training is crucial for the success and survival of the 
industry in a rapidly changing world. The BC industry needs to embrace new technologies and 
innovations in an increasingly knowledge driven future. The latter is one of the crucial factors 
for giving the BC industry a competitive advantage. 

Practical Tips 

 It is very difficult to transform the ways of “deciding, doing, acting and 
responding” in an industry that did not change for decades or even centuries. 

 Embed lifelong eLearning and eTraining in company policy at all levels using 
knowledge driven ICKT. 

 Apply blended modes of learning and training to prevent the eLearning/eTraining 
system from becoming impersonal. People appreciate face-to-face contact. 

 Let both human and virtual actors participate in the role of teachers (or experts). 
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Validation 
The VR simulator was designed, developed, tested and validated with a number of domain 
experts, ranging from industry, through to research communities, and academia, including: 

• Built Environment students (UK) 

• Manufacturers (UK) 

• Academics/Research (Finland, Germany, Netherlands, Canada, Australia) 

• Developers/Industrialists (UK) 
These stages not only helped make the simulator more robust, but also helped secure industrial 
relevance. A synopsis of comments received from these four key stakeholder groups can be seen 
as follows:  

• Built Environment students thought this simulator was “very exciting”, and would help them 
appreciate how things worked in real life (as they currently lacked the opportunity to 
experience real life examples); 

• Manufacturers thought the simulator was an “interesting tool” to interact with; especially as 
they could ‘see’ the implications of their decisions in real time (which would help them to 
‘think’ and reflect on ‘why’ problems occurred, and ‘how’ issues may be mitigated on real 
projects). 

• Academics/Research perceived the simulator as being “useful” for conveying 
ManuBuild/OSP concepts to students/ learners, and noted the potential for further 
development and exploitation; 

• Developers/Industrialists perceived the simulator would help them compare traditional with 
OSP approaches in order to help identify how cashflow was affected (to help make a 
decision with respect to the selection of OSP as opposed to the traditional approach). Whilst 
quantitative tools of this nature were generally readily available, it was noted that these did 
not factor in qualitative issues.  

Key Findings 
ManuBuild training focuses on conveying and delivering ManuBuild/OSP concepts using highly 
innovative and pioneering delivery methods. However, the development of the simulator faced a 
number of challenges at the outset relating to the lack of availability of ‘suitable’ ‘real’ case 
studies addressing Open Building/OSP (along with project data confidentiality). Initial scenario 
development was based on a late window delivery in order to demonstrate potential. This was 
then expanded, through a series of workshops, the results of which can be seen under the 
following two categories of ‘general’ and ‘content’ related comments: 

General Comments:  

• It is useful to have a multi-user environment to gauge different people’s perspective; 

• The VR environment could be widened to include the inception stage, completion, facilities 
management, demolition stages; 

• It is good to be able to select the project. It would be useful to also categorise projects 
according to their complexity/sector i.e. commercial, residential, high rise, industrial etc; 
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• The inclusion of cost implications is welcomed – this gives tangible messages which are 
easy to understand and comprehend as opposed to ‘soft issues’; 

• The use of videos was perceived as being ‘excellent’, and was encouraged to be extended; 

• It would be useful to tailor the generated report to reflect the different stakeholders e.g. a 
client would get a different report to that from a manufacturer, contractor etc; 

• The late window scenario was perceived as being “valid”, especially as these such problems 
do occur in practice; 

• It would be good to incorporate different types of contracts within the simulator, along with 
contract clauses (to appreciate and understand the implications of decisions taken). 

Content-Related Comments: 

• It was important to use the simulator as a high-level tool and not to go into too much detail; 

• That the design/product interface could be an issue if more than one supplier was involved 
in the project; 

• That it would be useful to compare traditional with OSP (cost-benefit-analysis); 

• That the environment could be extended to include planning issues, manufacturer issues, 
designer issues etc; 

• That target parameters for cost, time, and other resources could also be included. 

Whilst it is acknowledged that all the above identified recommendations are valid viewpoints; 
from a developmental perspective, these all have a direct correlation with coding and 
programming time. However, notwithstanding these issues, from an OSP/ManuBuild 
training/education perspective, the developed simulator not only openly addresses its original 
design intent and scope, but has the added flexibility of being able to accommodate a wider 
context than its originally planned. In this respect, further research is likely to focus on these 
issues.  

Key Business Impact 
The scenarios presented in the VR simulator can be used to simulate OSP operations in order to 
demonstrate ‘how’ and ‘why’ things can go wrong; and ‘why’ consequently OSP may end-up 
being more expensive than the traditional way of working and thinking. Hence from a business 
perspective, this tool can help inform the industry to reflect upon their current working practices 
in order to benefit from new methods of construction. Other business benefits include the 
simulator’s capacity and capability to incorporate a ‘pool’ of virtual interactive case studies with 
respect to Open Building Manufacturing/OSP practices. This not only extends the operational 
business remit, but also increases the capability of embracing peripheral issues – thereby 
extending its usefulness and overall functionality. In this respect, future exploitation of the VR 
environment could be extended to include the following four areas: 

• Academia – to demonstrate the impact of experiential learning in cognate and non-cognate 
areas; 

• Training institutions - to reinforce the importance of embedding the simulator into their 
existing training programmes; 

• Industry - use the simulator environment as a VR repository of OSP projects (to reflect on 
lessons learnt); 

• Research - to disseminate research findings to peers in order to prioritise the future research 
agenda.  
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Conclusions 
ManuBuild’s vision is to transform the construction industry from being a rather pragmatic and 
predominantly ‘craft/resource-based’ industry, to one which is more ‘knowledge-value-driven’. 
However, this mantra requires the provision of innovative and flexible training approaches to 
deliver this paradigm. Based on a proactive experiential training concept (Alshawi et al., 2007), 
a VR interactive simulator was designed and developed to address these issues. This chapter 
introduced the core concepts and strategies associated with the design and development of the 
VR simulator. In this respect, a VR prototype simulator was discussed as a panacea for providing 
a flexible, interactive, and safe learning environment for practicing new working conditions 
associated with OSP/ManuBuild practices using the incorporation of ‘real-life’ scenarios. These 
scenarios were explained, and the benefits were then discussed in relation to the simulator’s 
enhanced features of being able to provide a unique and highly personalised environment 
tailored to suit a variety of learners’ needs. Finally, the ‘input-process-outcome’ approach 
(Garris et al., 2002) and rubrics adopted throughout the development lifecycle were examined, 
along with the testing, feedback, and validation stages - which in turn, highlighted the key 
business benefits extolled by this simulator, along with future suggestions to set and prioritise the 
future research agenda in this area.  

 

Practical Tips 

 ManuBuild’s vision is the transformation of how business is carried out within the 
construction industry - hence a culture change is needed; 

 Traditional on-the-job learning approaches are not always adequate for skill 
development and transformation; 

 Interactive learning environments have the potential to enable experiential 
learning in a safe and controlled learning environment, with minimal disruption to 
the working environment, as it can facilitate “any time, any place learning”; 

 The provision of real-life scenarios are imperative for the success of the simulator 
(and these are challenging to capture); 

 The need for a business decision making tool for OSP is valid - which requires a 
myriad of parameters to be compared vis-à-vis characteristics/specifications for 
the different OSP systems (and these do not seem to be readily available within 
the construction industry).  
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