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Introduction 
This theme-report "Information Technology in the Building Industry" is a contribution to the study "Future 
organisation of the building process". This study is carried out by the CIB working commission W82 "Futures 
studies in construction". 
CIB is a world wide organisation that is related to building and construction. This organisation strives at 
transfer of research results and co-operation between researchers. The working commission W82 has an 
international, multi-disciplinary and inter-professional scope on the future in construction. 
The study is meant to develop scenarios for the future organisation of the building process and to produce a 
stimulating research report. The scenarios may become plausible realities in the year 2005. 
This theme-report contains trends and developments for the implementation of information technology in the 
building industry (Figure 1). It will also contain potential consequences for a future organisation of the 
building process. It is based upon (inter)national inventories, brain-storm reports and some other papers. 
In the study "Future organisation of the building process" the building process participants can be clients, 
architects, engineers, (sub)contractors and manufacturers that develop, construct and maintain building 
products. The building process consists of activities, tasks and roles of these participants during the initiative, 
program, design, construction, maintenance and demolition phases. However in this theme-report the 
emphasis is on the design and construction phase. Concerning the building process organisation this study 
deals with models for procurement, models and instruments for process management, tasks and roles of the 
various process participants and co-operation between process participants. In this theme-report "Information 
Technology in the Building Industry" the emphasis is on relevant building process participants. design, 
construction and management information, information technology as instrument, and on co-operation 
between the participants, using this technology. 
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1. Information technology in the building industry: an overview 

1.1 Introduction 

BIT Notes 

Technological developments are irreversible. Technological knowledge and possibilities can be enlarged, they 
cannot be diminished. It is certain that the building industry will be influenced by the information technology; 
however, it is uncertain how. Insight is necessary in processes and organisation of the building industry for a 
qualitative implementation of information technology. Additionally, insight into the information and 
techniques of the information technology is necessary for a productive implementation of information 
technology in time and costs. 

State of the art 
Information technology serves the production of design and construction information and contributes more or 
less to the productivity of design and construction processes. It does not really contribute to the improvement 
of the quality of the design or construction product yet. 
Information technology replaces design instruments, such as drawing boards, model shops, calculators, and 
archives. It does not really contribute to the improvement of construction instruments or to the automation of 
design or construction processes. 

Motivations for change 
The possibilities to use information technology have increased. Still information technology hasn't been able 
to contribute to the building industry, or, even better, the building industry hasn't been able to gain advantage 
from information technology. Obviously there is a lack of influence in both ways. The building industry and 
the information technology need to develop their own scenario's and strategies (Figure 2). Together they have 
to agree upon feasible goals (Figure 3), relevant problem statements (Figure 4), and useful system 
specifications (Figure 5). 

Building information is recorded in different ways. Besides the design models for CAD systems, there are 
geographical models for GIS systems, product models for CAE systems, production models for CAM systems 
and building models for FM systems. The availability of information technology will shortly lead to an 
information explosion. The fact that all buildings are unique and undergo constant changes over time 
contributes to this expectation. Next to actual management data and possible prospective design and 
construction data there should also be retrospective registration data in a building information system . 

. Effective integration and efficient communication of this immovable information are essential to a 
controllable information system, and should in the long run even lead to an information implosion. 

1.2 Objectives 
The objective of information technology in the building industry is to support the building industry and its 
objectives. To support the building industry, info~tion technology should at leasilupport the analysis of 
design and construction processes, the syntheses or decision making and the evaluation and presentation of the 
results. To support the 0 ~ectives of the building industry, information technolofY should also contribute to 
the improvement of the r the des! n and con truction and the'1productivity of the design and 
construction proce:!ses (Figure 3). 
The quality of the design and construction product can be improved by the development of simulations for an 

r) enlargement of solution space, effective integration. product modelling. and automation. Information 
-9', technology will be able to support the integration of information, and the simulation for design and 

construction processes. The building industry will have to define the product models with objects, attributes, 
operations, relations and messages for this integration and these simulations (Figure 4). 
The productivity of the design and construction processes can be improved by the development of procedures 
for shortening the :!earch path, efficient communication, process modelling. and automation. Information 
technology will be able to the communication of information and the procedures for design and 
cOnSt~he iiii-industry will have to define the process models with activitie5,-oii:tput, 
control, input and mechanisms for this communication and these procedures (Figure 4). 

The overall mission of information technology, in addition to quality and productivity considerations, is a 
reduction of complexity and confusion inherent in the building industry. Programming, design, engineering, 
construction and management systems should be used during the increasing period of learning. Special 
attention should be paid to the ergonomicaJ and economical aspects of these systems during the increasing 
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period of working. It should contribute to an improvement of the potential of the learning and working 
environment in the building industry. 

1.3 Applications 
Applications of information technology could make use of local and distributed computer systems, 
(lele)communication techniques and media. Examples of applications in the building industry show the use of 
local computer systems, and some hesitation in the use of distributed computer systems, (tele)communication 
techniques and other media. Some examples of application of information technology, related to the design 
and construction phases are: 

Related to the design phase: 

text, data, drawing and image processing (word processing, databases, spread sheets, drafting and 
visualisation); 

geographical information systems (GIS); 

computer aided design (CAD, with a core role for project databases); 

computer aided engineering (CAE, design and simulation of structural and environmental control 
systems. 

Related to the design and construction phases: 

costs and time planning; 

computer aided design! computer aided manufacturing (CAD/CAM, design for production); 

management information tools. 

Related to the construction phase: 

numerical controlled machine tools (NC machines, a mature technology); 

flexible machining systems (FMS, essentially a number ofNC machines connected by an automated 
materials handling system); 

robotics (common in some industries and some applications; difficulties will be encountered in more 
complex industries); 

computer integrated manufacturing (CIM, the realisation is slow, the needed multi~level standardisation 
of communication is still a problem). 

The potential of information technology is constantly growing. Think for example of 3D modelling, object 
oriented databases and knowledge based systems. The application of information technology has however not 
progressed rapidly. This is due to confusion about the role and nature of information technology, and scarce 
research, development. education~and training, application and management efforts. 

Despite a growing number of Artificial Intelligence applications, its impact is still marginal. 

1.4 Research and development 
Research and development of information technology in the building industry is scarce. However, research 
and development is necessary to make the building industry gain advantage from information technology. 
Efforts are required to define feasible goals, relevant problem statements, and useful system specifications. 
Some general research and development subjects are: 

Related to design and construction theories and methods: 

design and decision support systems; 

construction and decision support systems. 

Related to information infrastructure (collected, processed (constructed, expanded, maintained, and modified), 
and disseminated information from international research and development work): 

process models (communication, interface and modelling); 
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product models (exchange, models and simulation); 

presentation models (presentation, representation and perception). 

Related to information systems and techniques: 

computer, and (tele)communication systems and techniques; 

audio/video systems and techniques and multi media (integration of computer, (tele)communication 
and audio/video techniques); 

presentation media (computer images, animation's, holograms) and Virtual Reality; 

hyper media (interfaces to data bases). 

Related to standardisation: 

STEP/ CALS (research activities should stimulate an optimal monitoring and tuning of systems that 
allow problemless electronic integration of building product data); 

EDI! PDI (reselifch activities should stimulate an optimal monitoring and tuning of systems that allow 
porOR~_I!1}~Ss~~~£tr9~i£2.2:r!iI!1!!!!if~<i,2~}~~~tl!<~l!1I~l!i.pfi~~iS~!£ii~tsT--·-·---··o,,",,, 

Related to system development methods and techniques; 

system analysis, system design, and prototyping; 

implementation of process, product and presentation models; 

implementation object oriented applications. 

These research and development efforts should contribute to the improvement of the Quality of the design or 
construction product, to the improvement of construction instruments and to the automation of design and 
construction processes. 

1.5 Problems 
The main problem statements and research questions are related to the building process organisation and to the 
implementation of information technology. 
The question related to the building process organisation is: "How can the building industry gain advantage 
from information technology?" 
The question related to the implementation of information technology is: "How will the building industry be 
influenced (changed) by information technology?" (Figure 2) 
Other research questions are related to information and techniques of information technology in the building 
industry. 
The questions related to the possibilities of information technology in the building industry are: "How can 
information technology contribute to the improvement ofthe Quality of design and construction products?" 
and" How can infOrmation technology contribute to the improvement of the productivity of design and 
construction processes?" (Figure 3) 
The question related to the limitations of information technology: "How can an effective integration and 
efficient communication be established?" or "How can an information explosion be prevented?" (Figure 4) 

1.6 Approach 
Due to the special nature of building information, the building industry should have influence on the 
development of building information systems. The fact that the technology push is greater than the market 
pull, does not relieve the building industry from its responsibility to design and develop its own system 
concepts. This requires insight into and a view on the development of information techniques in general and 
more specifically in the building industry. Research and development, education and training, application and 
management should be carried out as a joint effort ofthe building industry, information technology, and 
specialists in building information technology (Figure 8). 
A design and construction language, with syntax, semantics and pragmatics, should be developed for the 
description of design and construction products. processes. and organisations. This language should also be 
used for the description of simulations and procedures. These descriptions should be used for the definition of 
design and construction theories and methods that are necessary for the development of systems and 
techniques (Figure 9). 

7 



TUE I Building Information Technology BIT Notes 

The functionality of an information system is determined durin the develo ment of that s stem. The actual 
use can ea to ongomg ut margmal improvements of this functionality. Besides that, the techniques of an 
information system will be adjusted to new technical developments. For example, existing features can be 
deepened, the working space can be enlarged, the speed can be increased, and the accuracy can be improved. 
Databases (input/output. source/destination) will be standardised for communication. software (control) will 
be systematised for automation. and hardware (mechanism) will be optimised for performance. 
For the development of information systems, it is important that the information demand (output) will be 
determined fIrst. Next it should be determined in what way this information is processed (control), what 
information is necessary for that process (input), and fInally it should be determined which information 
technique (mechanism) is necessary or desirable. During the application of information systems it should be 
taken into account that the user of information systems or techniques will fIrst choose the information 
technique (mechanism) that is offered; next the user will deliver the information that is needed (input), which 
will then be processed in an automated way (control) to a result that might be useful (output). 
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2. The building industry: process and organisation 

Introduction 
For a qualitative implementation of information technology in the building industry, insight is necessary in the 
building process organisation. Within the context ofthis theme-report the emphasis is on expectations 
concerning this building process organisation and more in particular on participants. information, instruments. 
and co-operation. 

2.1 Participants 
Building process participants can be clients, architects, engineers, (sub) contractors, and manufacturers, that 
develop, construct and maintain buildings. Here the emphasis is on the activities, tasks and roles of the 
participants in the design and construction phases in the near future. 
The number of parties will grow due to specialisation. The significance of information technology as part of 
the finished building also grows. This brings new parties to the building process as system-specific expertise is 
demanded. 
Offices of building process participants can be de centralised throughout the country, the continent or the 
world. Employers can work in office hotels (rented office space in anonymous buildings) (virtual offices). 
Industrial or building sites can be remote. Tele-communication and remote control systems can give the 
constructors the opportunity to stay up to date and to control construction processes (Virtual Reality). 

Client: 
the number of parties answerable to the client decreases through co-operation! co-ordination; 

the client will be more deeply involved. 

Building process manager: 
emphasis on the productivity of the building process; 

more or less consistent relationship to client or architect; 

process and management of building process documentation (process models) and of building product 
information (product models); 

management of telecommunication, EDIIPDI; 

facilities for information services to other building process participants; 

management of Virtual Reality system and virtual office environment. 

Architect: 
emphasis on the quality of the building product; 

changing rules, new materials, and modem techniques are of importance as a challenge for the -
architect, instead of precedents; 

little reuse of knowledge; 

design themes are ecology and multi functionality; 

the architect works in a more or less consistent relationship with clients (like an accountant); 

architectural offices specialise in objects or products; 

application of process and product models; 

design process with analysis of information, synthesis of design, evaluation of performance and 
presentation of results. 

Analysis 0/ in/ormation: 
statistical analysis based on documentation and databases; 

planning of activities, spaces, and facilities; 

Forecasting, backtracking, and goal seeking. 

Synthesis 0/ design: 
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component based with design parameters and design rules. Dependent on the simplicity of the design 
problem; 

geometry, topology, and topography definition with time and attribute data. 

Evaluation of performance: 
check list in combination with expert systems; 

simulations of objects and operations (states and transitions); 

simulation aspects are for example functionality, aesthetics, shape, environmental control systems, 
structures, construction, and demolition; 

prediction of operational costs by real-time simulations. 

Presentation of results: 
presentation of specifications and results; 

only the government demands certain information; 

presentation techniques, like images, photomontages, animation's, holograms, and Virtual Reality; 

conversion and communication techniques are important. 

Engineers: 
emphasis on quality of building product; 

design and consulting for the requirements of the building (activities, spaces, and facilities), structures 
and environmental control systems, cost estimation and planning; 

because of the integration of design aspects, the engineering offices integrate as well; 

facilities for research and development of simulation systems. 

(Sub) Contractor: 
emphasis on the productivity of the building process, working circumstances, and logistical aspects; 

certification of products and of production, assembly, and maintenance procedures; 

a move from the building site to the industry, with an emphasis on logistical aspects and assembly of 
products; 

after mechanisation, slowly automation at the building site and flexible production in the industry; 

integration of product, method, and technique; 

limitation of number and kind of components; 

integration of industrial product design and architectural building design. 

Building information tecltnology specialist: 
Building process participants, like clients, architects, engineers, (sub)contractors and manufacturers, shouldn't 
limit their activities, tasks and roles to the building process. In a joint effort with information technology and 
specialists in building information technology, they should also contribute to the definition of feasible goals, 
relevant problem statements, and useful system specifications to gain advantage from information technology. 
Together they should develop a design and construction language (with syntax, semantics and pragmatics,lJor 
the description of design and construction products, processes, and organisations. This language should also 
be used for the description of simulations and procedures. These descriptions are necessary for the 
development of information systems and techniques. 

emphasis on the development of reference process and product models and on communication 
protocols; 

attention for the level of knowledge of employers and employees; 

system development methods and techniques for technical information (design and management) and 
automation systems (construction, production and assembly); 

information and automation ask for systemisation, for a division in system parts and for a definition of 
discontinuity (from analogue to digital); 
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the measure of process support is a determining factor, but there is a lack of response to the economic 
and organisational interests of a company that invests in information technology; 

cost control and the acceptance of information technology can't be based on a technology push and 
there is pessimism about the effect of information technology in the market. 

2.2 Information 
Effective application of the information and the information technology is in all living areas essential in the 
information society. The transition process, from the industrial society to the information society, is much 
faster compared to the process from the agricultural society to the industrial society. The amount of jobs in 
agriculture and industry decrease and new jobs will emerge in information services, high technology 
creativity, human growth and in intemationalisation. In the agriculture society land ownership was the 
decisive factor, in the industrial society it was capital, and information will become the decisive resource and 
competition factor in the information society. 
Information is recorded in different data bases and in different information models, like design and 
construction models. This, and the fact that all buildings are unique and undergo constant changes over time, 
contribute to the expectation that the availability of information technology will lead to an information 
explosion. 

Environment Model: 
available documentation about the soil and relevant surroundings of the building site. 

Design Model: 
functional specifications; 

geometry, topology, and topography; 

numerical information (xyz), temporal information (process and attributes), and alpha information 
(operations and attributes); 

parts of the global design model replaced by product models during a design process; 

emphasis in product models is on technical specifications, appearance, process information, norms, 
certificates, etc.; 

building elements being functional components and building products being technical components; 

mainly used for simulation of design aspects with certified programs. 

Construction Model: 
based on the environment model (building site); 

with product models of building site facilities; 

emphasis in process models is on logistical aspects, and on cost and temporal aspects; 

for the simulation of construction aspects, like cost and time plannings. 

2.3 Instruments 
There has been a development from power sources, to means of transportation, to communication techniques, 
to techniques for automation: 

1750-1900 steam engine, railroad, and telegraph; 

1900-1950 electricity, car, and telephone; 

1950-19 .. microelectronics, computers, and telecommunication. 

There has been a development of instruments from computer techniques, to information techniques, to design, 
construction and decision support te9cbniques. 
There has also been a development of computer systems from application-oriented systems, to object-oriented 
systems. This could develop further to site-oriented systems and user-oriented systems. 
Communication plays a central role in design and construction processes (sending and receiving design and 
construction information). 
Instrumentli should help to improve the productivity of design and construction processes and the quality of 
the design and construction product. To improve productivity, the instruments should be based upon design or 
construction procedures. Quality can be improved by the use of instruments for simulations of design or 
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construction aspects. At the moment information technology is used to improve productivity and cut costs 
rather than to improve quality and add value. 

Instruments for quality improvement: 
deficiencies in process, product, and project are easily accepted in the building industry; 

the application of quality assurance in design firms seems to be the topic for the future; 

performance concept (quality system, formalised procedures); 

from regulation to deregulation (retreating government, flexible production); 

the amount and complexity of decisions and choices increase and less time is available for the design 
and decision making process; 

design and construction models used for simulations of design and construction aspects with certified 
programs; 

ecology (measurement of the impact on the environment of building products and processes) and multi 
functionality are important new subjects; 

because of the location and functional program, every building process is unique. The unique part 
should be as limited as possible to get to a controllable process as soon as possible; 

rationalisation and normalisation of products. 

Instruments for productivity improvement: 
rationalisation and normalisation of processes; 

operational models should be build and established prior to introduction of information technology. 

2.4 Co-operation 
The level of automation within the construction company, the architecture office, the engineering office, the 
suppliers, and the installation companies will rise in coming years. 
The highest rise shows itself in relation to products and services followed by the operational processes, the 
relationship between company departments, the contact with suppliers and clients, and management process. 
The least rise can be found in the relationship between companies that provide the same services. 
Although it is found that the introduction of information technology will lead to great changes in contacts with 
suppliers and clients, there seems no reason to give information technology a high priority for the coming 
years. 
Even in the industrial society the building industry hasn't really addressed the issue of industrialisation. 
From the building site to industry and from craft to assembly, industrialisation is now seen as a crucial factor 
(more industrialisation). Standard processes and/or products require more consistent co-operation. There is a 
change from a capacity-oriented market to a product-oriented market with integral process management. 
The non-existence of dimensional and or modular co-ordination is seen as the main hindrance towards 
industrialisation. 
CO-Q,peration in the design, and construction phases will benefit from possibilities for an effective intel.:ration 
~~~cient c091Iriunic.~:i()!!oo~l informati()n. Thls is essential to erevent an information explosion. 

Integration of information: 
complexity means how much less the whole is worth than the sum of its parts; 

integration is how much more the whole is worth than the sum of its parts; 

buildings or parts of buildings as complete and consistent products (integration of products and of 
information technology). 

Communication of information: 
active reduction of the mobility of people, traffic, and transportation (building as a regional activity); 

information systems need to be used to develop data transfer systems for all parties to keep them up to 
date on costs, schedules, quality and similar factors, despite their possibly different geographical 
locations; 

opportunity for referendums and for interactive consultation between people and decision makers are 
improving because of the development of information technology; 
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communication systems for the connection of systems, installations, and equipment become wireless; 

telecommunication systems are to be used for the connection to services and employers; 

information technology is seen as a useful tool to facilitate a renewed construction process; 

information technology development slowly supports and links different phases of the building 
process; 

the use of information technology is no basis for the organisation of the building process. 

2.5 Building process organisation 
The traditional model of the building process organisation, segmented and fragmented as it is, no longer fits in 
its fast changing environment. 
The traditional model of building process organisation itself is a major hindrance for the various inter
professional changes that are needed in today's building industry in various western countries. 
To improve the overall performance of the building industry, the building process organisation must change. 
Short term improvements in the building process organisation must fit in the present structure of the building 
industry and therefor are more or less marginal. On the longer term structural improvements in building 
process organisation are possible, but only if combined with a more or less radical restructuring of the 
building industry. 
The changes that will take place in the building markets are going to require that the organisation of the 
process puts an emphasis on: 

customer orientation; 

flexibility; 

specialisation; 

networking; 

introduction of new skills and expertise; 

emphasis on the final product instead of production; 

international know-how in purchasing products and services. 
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3. Information technology: information and techniques 

Introduction 
To make the efforts in the implementation of infonnation technology productive in time and costs, insight is 
necessary into the infonnation and techniques of the infonnation technology. 
The potential of infonnation technology is constantly growing. The application of infonnation technology has 
however not progressed rapidly. This is due to confusion about the role and nature of infonnation technology 
and scarce research, development, education and training efforts. 

3.1 Role and nature of information technology 
The role and nature of infonnation technology should contribute to its overall mission. The overall mission of 
infonnation technology, in addition to productivity and quality considerations, is to reduce complexity and 
confusion, as is inherent in the building industry. 
Infonnation technology is the science of the development of infonnation techniques and its use. It goes a lot 
further than simply using computers as a calculator, or the computerisation of the administration. Infonnation 
technology contains the knowledge that is used when changes in the infonnation techniques have to be made 
of use. Infonnation techniques influence the infonnation supply of an organisation, and also the 
communication techniques (computer and telecommunication systems). 
Means of communication are added to computers and instead of computerisation we prefer infonnatisation. 
The computer's memory becomes more important than its power of calculation and instead of computer 
science, we prefer computing science or infonnation techniques. Thanks to chips, computer characteristics can 
be built into devices and machines and the computer is replaced by an infonnation system that acquires, 
processes and stores data, and provides infonnation for the organisation. An infonnation system can lend 
support in the comprehension of a design or the control of a construction process. 
An infonnation system is a system in which automatic data processing plays an essential role for infonnation 
supply and infonnation organisation. An object system is a described occurrence in reality that is of interest 
for an organisation. An infonnation system supports an object system for the acquisition, processing, and 
supply of infonnation. An infonnation system supports the knowing or controlling of an object system by 
employees of an organisation. 
Knowledge is necessary about computers, and programming, and about the use of computer systems for the 
supply of infonnation in an organisation. Because of computers, more infonnation is available to users. In 
organisations computers and their applications are new constituencies at different levels of policy making and 
management. Computers and their applications demand changed structures of the organisations of the 
infonnation supply. 
Infonnation technology makes better infrastructures for common social interaction, especially by combining 
computers with communication media. To express that infonnation technology means more than "the same as 
before", the actual state is called the infonnation society. 

3.2 Social aspects. 
From research of social changes, it seems that: 

the inclination to apply new technological developments decreases as the tempo in which they become 
available increases; 

changes that are too fast produce their own resistance; 

technological developments are irreversible; 

technological knowledge and possibilities can be enlarged although they cannot be diminished. 

3.2.1 Automation, work, and organisation 
In the beginning there was no interest for the influence of technology on the quality of labour. Now there is 
considerable attention for subjects like: 

quality of labour; 

organisational structures and processes; 

experience of the working situation; 

communication and decision making processes; 
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position of management; 

qualification for certain functions. 

3.2.2 Technology, organisation, and labour 

BIT Notes 

Technological developments are independent variables that can determine employment and the organisation 
and quality of labour. These factors adjust to the technological developments without being able to influence 
them in a determined way. Since the '70's, there has been an inclination to give directions to technology from 
the labour organisation and the workplace. 

3.2.3 Automation and productivity 
The use of information technology has influenced the primary and supporting processes in an organisation. 
Information technology has an effect on the substance and the kind of work, and on the values and norms that 
are considered important in an organisation. Investments in computer and communication facilities are 
justified with a view on higher effectiveness, increased efficiency, and improved products and production 
processes. 
The performance potential in terms of quality and productivity of product and process, the quality of labour, 
the potential to compete, and the profit capacity of information-intensive companies can be strengthened by 
wider and better use of computerised information and communication systems. Research has shown that 
productivity improvement is mostly not realised because the existing organisation was not prepared for 
automation. 
There is a gap between the technological possibilities of an organisation and the potential of that organisation 
to incorporate that technology. Research should aim at the quality of the organisation, and at the management 
that should direct this quality. 

3.2.4 Automation and employment 
Optimists state that labour saving technologies by themselves can not cause unemployment in the long term. 
On the contrary, the application of new information and communication technology will lead to new products 
and services, to new markets, and consequently to new workplaces. 
Traditional industries will, however, certainly lose workplaces, not only because they do not use new 
technology, but even more so by the transferral of their activities to lower wage countries. (Of course this will 
be more difficult in the building industry) 
Pessimists state that when economic growth is absent or is decreasing, the replacement of labour by capital 
goods can not be compensated by the growth of volume or an increase in the demand for new goods or 
services. 

3.3 Automation as a growth process 
The application of modern information and communication systems has been less revolutionary than expected. 
There is in fact more of a gradual growth process where traditional mechanical tools are replaced by 
computerised counterparts. Research has shown that organisational changes only then take place when a new 
infrastructure is implemented. It appears that the organisation follows the technology. This growth process 
(H.1. Bullinger, Fraunhofer Institut fur Arbeitswirtschaft und Organisation) has different phases: 

Starting phase: 
introduction of new systems happens in an uncoordinated manner; 

because of the lack of planning, there is room for local initiatives; 

users only explore new systems rather than using them; 

considering the labour organisation, ideas about labour diversification, labour distribution, and labour 
specialisation predominate; 

efficiency measures (time and cost reduction) have the upper hand; 

management is hardly interested. 

Expansion phase: 
more technological equipment appears in the workplace; 

the possibilities of new technologies are accepted; 
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internal networks appear incidentally; 

the need for integration of different applications begins; 

the problem is that the organisation follows the technique; 

there is a great chance that conflicts will arise between specialists in the area of information 
technology, and experts in organisational structures; 

BIT Notes 

management gets attention for the need to set out new career perspectives for involved employers that 
are interested in the use of new technologies. 

Formalisation Phase: 
process automation proceeds and it becomes appropriate to pay more attention to the organisational 
effects of the available systems; 

experiences with the use of networks point out that a large number of functions can be decentralised; 

staff and managers start to use systems themselves for the support of policy making; 

there is a growing interest in the other dimension of productivity, namely effectiveness (more effective 
organisation, greater flexibility, and quality of products and services); 

formalisation expresses itself in the agreement of standards concerning the execution of labour; a 
danger exists for bureaucracy, a blockade of creativity, or the initiative of employees. 

Integration Phase: 
integration of information and communication systems; 

gradually technique comes in second place and the organisation comes in first; 

instead of the users, new specialists will take care of the technical infrastructure; 

automation occurs at all levels of the organisation; 

if the technical integration is realised, there will be the possibility of functional integration aimed at 
process integration. 

Maturity Phase: 
the process of innovation gradually becomes comfortable at a higher technological level; 

the introduction of fifth-generation systems allows technology to control more complex processes; 

gradually the content of processing has moved from data processing to information processing, and 
eventually to knowledge processing; 

concerning control and planning, there arises a need for information resource management; 

the symbiosis of valuable labour forces with valuable technology can stimulate the process of 
decentralisation; decentralisation can create more autonomy in the workplace where small self
supported work units take the place of formal hierarchical departments; 

the intelligence of the workplace is increased by the possibilities to use various kinds of expert systems. 

3.4 Application of information technology 
Examples of applications in the building industry show the use of local computer systems. and hesitation in 
the use of distributed computer systems, (tele)communication techniques and other media. --

3.4.1 Information: 
data, information (facts), rules, and knowledge; 

knowledge is information with rules concerning objects; 

objects (entity, level, and complexity), function (attribute, domain, and functional aspects), and state 
(phase, temporal aspects); 

geometry (measure), topology (shape), and topography (location); 

retrospective information (registration and reproduction); 

prospective information (production and presentation); 
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actual information (administration and adaptation); 

presentation information. 

3.4.2 In/ormation system: 
Development or history (technical and functional): 

application-oriented approach (participant oriented, emphasis on procedures); 

data-oriented approach (project oriented, emphasis on integration); 

object-oriented approach (product oriented, emphasis on simulation); 

state-oriented approach (process oriented, emphasis on communication). 

3.4.3 In/ormation techniques: 
Hardware: 

computers, peripherals, and media (communication techniques, systems and media); 

numerical control systems, robotics, flexible production automation; 

the functional complexity of hardware parts increases; software is becoming integrated; 
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integration of documentation, audio, video, and information in one single medium with an integration 
of several media in one medium (multi media); 

media are interactive with stereo audio and stereo video; 

integration of media with a real-time medium with an emphasis on real time response to user stimuli 
and vice versa (Virtual Reality); 

a real-time medium is dynamic with surround audio and surround video (super computing); 

PC diversifies itself to a Project Computer (multi tasking, multi user), and a Personal Communicator 
(multi-tasking, multi site) (electronic highway, digital highway). 

Software: 
information and knowledge processing; 

component and rule-based, object oriented. 

Databases: 
databases in an engineering environment will be 3DAT databases (3 Dimensions, Attributes, and 
Time); 

multi-user, multi-site databases (distributed databases for concurrent engineering). 

3.4.4 CAD/CAM 
CIM is meant when integration of different functions of an organisation (such as marketing, design, 
production, and service) is strived for (concurrent engineering). 
CAD/CAM should lead to flexibility with shorter run-through times, small series, low supplies, short product 
life cycles, and fast delivery times. Computers can contribute to this flexibility because they can be 
programmed. 
CAD purposes: 

increase productivity of design and management by automation of routine tasks and by simplification 
of modifications 

improve control of the complexity by computer-aided simulation and management 

speed up the design process 

CAD functions: 
offering of component data base, containing shapes and attributes of components and with query 
functions 

analysis, layout, simulation, comparison, control, documentation and presentation 

CAM purposes: 
save labour by computers that can take over certain tasks 
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improve processes by speeding up the tempo, limit process failure, and make tolerances smaller 

add flexibility by programmable control with shorter changeovers, shorter run-through times, better 
insight in order status, and shorter and more accurate delivery time 

CAM functions: 
physical control by integrated systems in machines and instruments (numerical control and robotics) 

operational control by co-ordination between different processes and their preparation 

control functions by evaluating process states against certain norms and generation of control 
assignments (measure and control) 

registration function by observing and recording process states and analysing and aggregating for 
control functions 

3.5 Research and development, education and training 
Research. deyelopment. education and training efforts should improve the potential of the working and 
learning environment. It should improve design, and construction instruments. It should also contribute to the 
automation of design and construction processes. 
The life cycle for skills is getting shorter. It is getting shorter than the employees "working" life. The only way 
to prevent this is to slow down the developments of information technology or the stress the skill life cycle by 
continuance education and training. 
Some relevant research subjects are: 

EDIIPDI; 
product models; 
Virtual Reality. 

3.6 EDI and PDI in the building industry 
The building industry is characterized by the development of unique projects on various locations with 
dynamically changing cooperation between participants. 
II!. thi~~si~3:ti()!l~~_~!~ClI'!!Iat the information-exchange between different participants plays an important role. 
Traditionally, the exchange of information, e.g. offers and orders, and the questions for product and price 
information, employs personal contact, mail, telephone, telex and telefax. 
:rhe development of data exchan~e is, through the introduction of electronic communication" evolving rapidly. 
!?~~ital data is the keyword in electronic communicati~n. This data is built using the computer in a traditional 
way, resulting in different digital documents such as: invoices, transport orders, drawings, etc. The delivery 
takes place using a diskette by mail or telecommunication based on digital network connections. 

3.6.1 Electronic commucication 
The development of information technology and electronic communication is rapidly evolving in such a way 
that the creation of documents will become obsolete. Not the digital document, but merely the relevant data 
from this document will be sent using telecommunication. 
Not only will the technical facilities become available, but also the knowledge and experience using this 
~~tl.~!<;l.g2'.:J!!lprovement of communication is an imeortant stimulant and as a result improved data exchange 

.2Yjll be made Rossible. 
In order to be able to communciate electronically, computer systems should be able to understand each other's 
data bases. In order to achieve this agreements and standards are necessary. 
Computer systems should be equiped with facilities to create digital databases, to send, to receive and to use 
for futher transactions. 
Electronic communication should not be restricted to computer systems of the same kind. It should also take 
place between different computer networks. 
The data can be summarised as follows: 

the envelope; containing information about sender, recipient and date of transmission etc.; 

the message context; type and function of the data base, the description of tasks expected from the 
recipient; 

message content; one (or more) data base(s). 

In the building industry two types of data can be differentiated: 
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digital data in which materials, working-stock, labour, building products, building materials etc. are 
specified within the context of a business transaction. A digital order contains information for the 
delivery of a number of building products of a specified quality and type; 
digital models describing products or processes and/or kinds of technical information (drawings, details 
etc.). 

The developments, on the types of data is for a substantial part based on communication protocols, like: 
EDI: Electronic Data Interchange; 
PDI: Product Data Interchange; 

3.6.2 Strategic importance 
EDIIPDI is of strategic importance because it offers the building industry an IT-infrastructure which can be 
used by all involved participants to communicate electronically. By increasing the support for customers a 
competitive advantage is offered. If not applied in time the lack ofIT -development will result in a 
disadvantage position related to other competitors. 
EDIIPDI contribute to several strategic goals: 

time to market; 
fast and "Just in Time"; 
concurrent engineering 
co-makership 

Besides strategic advantages EDIIPDI also has an influence on efficiency. Several potential advantages of 
efficiency are: 

paper reduction: orders, invoices etc. need not be printed any longer; 
reliability: elemination of plural input increases accuracy; 
interpretation: the number of misunderstanding decreases by using standards and agreements; 
adminstrative transactions: manually administrative transactions will be reduced; 
availability: EDIIPDI are always operational 24 hours a day all over the world; 
EDIIPDI accellerates the communication process because of the lack of human interferance. 

3.6.3 EDI 
EDI focus on electronic communication between computer systems that support business transactions. The 
digital data which is exchanged is called an EDI-message. 
An EDI-message contains standarised types of data in which the domain is described; and the syntax and 
semantics of the data are pre-dermed. EDI uses standards such as ISO-EDIF ACT (Electronic Data Interchange 
For Administration, Commerce and Transport). 
The different types ofEDI-messages which are developed for the building industry are: order, shipment, 
acceptance and invoice messages. 

3.6.4 PDI 
POI focus primarily on electronic communication between computer systems that support technical business 
processes 
The content of the message is sent without envelop and context. Differentiation is made in: 

PDI-document 
This is data based on files. Typical PDI-files are technical drawings and technical product 
information. 
PDI-model 
Data is based on a model, not on files. Typical PDI-models are geometrical and product models. 

A system that supports technical business processes should be able to extract information, like quantities and 
geometry from an electronic drawing. PDI-documents and models contain standardised information in which 
the domain is described; the syntax and semantic are not pre-dermed in advance. 
PDI used standards like STEP (STandard for the Exchange of Product model data). Operational PDI 
documents and models operational in the building industry are: technical drawing, quantity lists, 3D wireframe 
presentation, parametric model of contruction elements like prefabricated concrete elements and results of 
technical calculations. 

3.6.5 EDIIPDI 
EDI and PDI are related to each other: 

in the context of transactions descriptive information is exchanged in addition to specifications; 
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the specification of building materials, products, etc. is exchanged in addition to decriptive product 
data. 

Because of this overlap there is a growing need for using EDVPDI together including sharing the same 
infrastructure. EOI and POI, originally two separate developments will therefore be highly integrated 
developments in the future. 
These developments will be realised in three phases: 

short term: 
EOI and POI will support each other (1.2 years). In this way the structure of the EOI·message can be 
used to support POI·documents and models; 
medium term: 
EOI and POI will develop in parallel (3-5 years). Mutual integration ofEOI and POI based on common 
vocabular, and standards; 
long term: 
EOI and POI are integrated (> 6 years). EOI and POI will be integrated on the basis of data models of 
different product types (e.g. buildings, ships). 

The integration of EOI and POI is of strategic importance because data exchange contributes through fast 
exchange without failures to the improvement of the competitive position of the company. 

3.6.6 Implications/or the building industry 
Future Information Technology·developments, especially EDIIPDI developments, offer many advantages for 
the building industry. 
E~I>I mak~ iu>~ss!!,le to exchan~e .!!tf0fl!l.'!tip!l~a~!.~i!ho~t failures, and without loss of semantics. To 
iE1p~ove ele,ctJ:2!!ic cO!!lmunication the fQll~!!!1t91l~!iQ!lJ!}11!:!:st~.~"!!!~J~E: 

who defines the content of a message and when? 
what product type is described? 
what is the status of the message? (concept, accepted by whom and when) 
are the latest modifications processed? 
is it a new version? 

Product Data Management (PDM-techniques) concentrate on answering these kind of questions. PDM 
concentrates on the quality of the product(ion), and on the management of processes during the life-cycle of 
the product. 

3.7 Product modelling 
The basic concept behind POI as well as PDM is that a product such as a building, or a part of a building, can 
be seen as a result of a design, construction and manufacturing process. This result, or product, is the outcome 
of a value-added chain..?f s~::.al pr~uction proces~es, where differe~t eartie,s ~!:.t? ,iEvol~d. Collaboration in 
!!i2.~ overall design, constructi~and !!l~.~facturin&2!'.~esls far f!:c0m effici~~~It is rare that 
i~ormation produce~ in digital~~tpl~Yl:lne participant can be use~ di~~~!!¥~l'_ the)nf~rmation systems of 
o~her participan.,!s. This is due to several factors in different domains. Some of these are: 

the complexity of the building product and construction process; 
the lack of standards; 
the lack of insight in modelling information including semantics; 
the traditional nature of the building industry. 

Various attempts have been made to improve this situation. The use of neutral file formats for exchanging 
geometrical information does not fulfill today's demands for general product information. Not only the 
geometry is exchanged during design, construction and manufacturing; all kinds of information needed by the 
different participants are exchanged too. Nowadays communication demands a new defmition of standards 
and protocols concerning the contents of the information to be exchanged. An important part of the standards 
is the formal description of the data. Data structures for the description of product definition data is referred to 
as 'product models'. So a product model (PM) is a conceptual description of a product, which can be used as 
an information base for all processes involved in the design, manufacturing and use of that product. If the 
product is a bUilding. the product model is called a building model. 
The term 'conceptual' is derived from the ISO-ANSIIX3/SPARC three layer schema. This schema, or model, 
recognizes the next three layers: 

the internal level; 
the conceptual level; 
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the extemallevel. 

The essence of this architecture is that one conceptual data description can result in more than one 
implementation and interpretation resulting in two types ofindependence, namely, view - and data 
independence. In a conceptual model only the information itself(semantics) is considered, not the format 
(syntax) in which the information is stored. 
The research and development on product models is strongly based upon the theory of database management 
systems. Underlying all database sytems are data models. 
Like a data model, a product model is characterized by: 

a collection of data structure types or data objects including their relationships; 
a collection of operators or rules, which can be applied to validate instances of the data objects; 
a collection of general integrity rules, which implicitly or explicitly define the set of consistent, states 
or changes of states, or both. 

Important in product models is the treatment of semantics and data abstraction. The following two abstractions 
are essential: aggregation which abstracts a relationship between objects to a higher level aggregate object, 
and generalization, which abstracts a number of common charecteristics to a higher level generalized object. 
The semantics or 'meaning' of information should be without misunderstanding to all parties during the 
complete product life cycle. 

3.7.1 Developments 
Research, to the end of the 1980' s, was concentrated on the development of one large and complex building 
model in which not only product information, but also production information, is modelled. Several efforts in 
that direction showed that one model was not achievable. 
Todays research focus on the exchange of information is based upon several product models (views) between 
information processing systems. In this area most of the extensive work is being carried out in the ISO-STEP 
research. Although some results have been achieved, operational systems based on these results have not yet 
been built and there is still a long way to go. 
The primary bottleneck at this moment is the urgent need for standardization of all data structures including 
their semantics. Other bottlenecks are: the lack of insight of top management in the building industry into the 
possibilities of information technology and the lack of proper tools to perform data analyses and design. 

3.8 Virtual Reality 
From 1991 work has been carried out in research into and development of Virtual Reality in the building 
industry. Work has been carried out on computer-generated stereo images and animation and on known 
Virtual Reality technologies such as sensors, head mounted displays, joysticks, control systems and transputer
based computer systems. 
The difference between other presentation media and Virtual Reality is determined by the use of the 

representation. Pr~~ntatig~.!!l.~~ia £~~!ej>!<:>.q!:l£Ie_A_cl~~ig~.l!!~cl~I .. ,:"it~the aid of a repre~t:I1~(l!io_~_:v~!~~~has 
been worked out beforehand, whilst Virtual Reality can be used in order to perceive the rnQciel,p,!!eself by 

rileanS"o(~'~ej)!~~~n!~t~q~_,:,,~~c~)~.':"2~~~.~Q!lt<:lnthe.sl'ot(lng<lt~m(;~{!l!r~.!!l !jrrt~)· With the use of 
presentation techniques the emphasis is on the presentation of a design while in the case of Virtual Reality the 
emphasis can be placed on the evaluation of the design. This is why presentation techniques are discussed in 
terms of a target and a targeted group whereas in the case of Virtual Reality what is discussed is a result, that 
is to say the design model in Virtual Reality, and a user. 

3.8.1 Virtual Reality in the building industry 
In relation to the research into Virtual Reality the assumption was that this technology should be able to make 
a contribution to the building industry. :tht9ygil Jil.el,l~e.()fa simlllatioll{)Jt.heJ?~.ha,:yi()llL()ffLc!es.lg!lJ!!Qg~ILin 
!>.teag . .Qffor examJ?le.!!!I.e~.QHhl!rn!>!tl1e.Pr.()!>!~!11~~().I.vLl!g£,!p.'!:cj!y.otfu,~A~~.!gl!~t£'!!l.~~.i~~~~. This must 
lead to an improvement of the quality of an architectural design. The use of 3 dimensional design models, for 
an efficient exchange of data during the design process must lead to a reduction in the path which has to be 
covered in order to produce a satisfactory design. This means that a contribution can be made to the 
improvement of productivity in relation to the architectural design process. The use ofa simple user interface, 
such as is possible in the case of Virtual Reality, should contribute to the quality of the design, the 
productivity ofthe design process and also to an improvement in working conditions. 

The research into the use of Virtual Reality in the building industry should contribute to an improvement of 
theories, technology and applications of Virtual Reality. Here the building industry has specific requirements. 
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With regard to the subject of interfaces the building industry has soon specific requirements because those 
involved in the building industry range from lay people (principals, consumers) to specialists. With regard to 
the use of models, digital models of buildings are of great importance owing to the lack of other types of 
prototypes. Finally, with reference to the representation of these models specific requirements are set because 
the building industry is so close to everyday reality for everyone. 

Owing to the importance of the interface, the model and the representation these subjects have gradually 
become included within the research into a Virtual Reality system concept 

3.8.2 Virtual Reality system concept 
This concept brings together the various components and possibilities of a Virtual Reality system. In this 
concept different stages of development are brought together at the same time. 

The system concept consists of the following components: 

an interface between the person and the computer for the modelling of the design; 

possibilities for the modelling of the design 

a design model; 

possibilities for the simulation of the design model; 

a representation of the results of the simulation; 

possibilities for the perception of the representation; 

an interface for the perception process (Figure 10) 

Hereinafter these different components will be looked at in more detail. On the one hand there will be a brief 
mention of the most important items which constitute an outside influence on the component. On the other 
hand the characteristics will be named which are typical for one of the development stages. Other aspects 
which are regarded as being relevant will finally also be added to the description of the components. 

Interface 
What is involved here is the interface between a user and the computer system. The user can for example be a 
principal, an architect or an adviser. A computer system consists of (peripheral) hardware, software and data 

e!ements. F?T~tE~~, ll~~'?!t!t!~l!}~ ':l:~2:ve all tl1~.~~~~}~ilitie~.()Xtl1~ p~ril'!!!:t:~!h~rd.'Y<!tean(ttl}~~2ft,~<[.e..lV.hJ5:J!._ 
'lIe of importanc~:TI~~ if!1~rf~c~.~~Jo ()p'e~~~i!!tinJh~ ,sys~eIllconc:~pt<l:~lY~Las wi!hJhe_ffiQdelling in 
aQQi~i()!l!~!!t~J>.~r,~~p.!iQ!1 asp~cts. Clearly differing points of departure apply for the software for this. Besides 
this various peripheral software is available for the modelling or the perception. 

Various actors can be incorporated for the modelling. Here it is being assumed that the modelling is effected 
in the first place with the hands. For this use can as appropriate be made of a traditional keyboard or of a 
normal mouse. A Virtual Reality system offers in place of this a mouse, joystick or spaceball with a minimum 
of 3 (3D) but better with Virtual Reality (6D) levels offreedom. In combination with sensors, which can 
measure all translations (3) and rotations (3) of the hands and individual function keys it is possible to 
manipulate the individual model components. With what is referred to as a data glove it is possible to replace 
the function keys with gestures or actions. The voice may also be used for modelling. With the aid of spoken 
commands (voice input) certain tasks can be given and in some cases the entry of data is also possible. The 
use of the eye for the manipulation of a design model appears to be unreal. Various military applications in 
fact already make use of what is referred to as eyeball tracking, or else the measurement of the direction of 
perception by the eye. With this measurement data it should for example be possible to move or to displace 
certain model components. 

Various sense organs can be used for the perception process. Here it is being assumed that perception takes 
place in the first instance with the eyes, that is to say by means of sight. For this it is possible to make use of a 

traditional screen. A_Y!!:!ll~g,~<l:li!X_s,~~!~Ill, ()ffer:s, il1,pl~c,e of this,l:lm,Ll1i!!!l:lll1.~fva. ~!~:E~~~s_~!:een, what is 
~~f~rred,t.(),(l.s,,<lJ:1.ead mount~,clA}~l?E!Y or~!l,!~~().:I.¥ge iI!!.a~t:Qj~,<:tJ9n in for example a dome (or a cave). By 
means of sensors, which here too can measure 3 translations and 3 rotations, it is possible to perceive a 
representation of a design model. If the sensor is for example fixed to the head mounted display then aU 
movements of the head can be measured and at almost the same time the corresponding representations can be 
worked out. Naturally it is also possible to use the ears or hearing for perception. With the aid of acoustic 
simulations, background noise for the purposes of illustration or spoken commentary a representation can be 
noticeably improved. Noise can, for example in an immersive system, also be used in order to improve the 
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orientation of the user. The use of for example the hands, or of touch, for the perception of a representation 
has already been applied in combination with a data glove. 

This possibility is in general designated with the terms tactile feedback or force feedback. 

The design for and the realisation of an interface is dependent on the form of communication between the 
system and the user and mutually between the users. In addition to a definition of the form of communication 
a definition in terms of the model (process model) of the process in which the system is to participate is also 
necessary. It must be possible to develop an interface on the basis of these two things. 

The character of the interface is also developing itself still further. Until recently, and this still applies for 
presentation media, user-friendliness was an important characteristic feature of a computer system. In a 
Virtual Reality system the interface has rather to be as natural as possible. This is, amongst other ways, 
attained by means of sensors for the head and hands. At the same time the interface is progressing from being 
interactive, with a sequential connection between question and answer or between measurement and 
regulation, to acting in real time, with a connection which is as good as being parallel (or dynamic) between 
these. 

Modelling 
Here this concerns the modelling of a design model. Here the emphasis is clearly on the generation of a 
design. The form of this is dependent on the phase in which the construction process or the design process 
finds itself and on the design methods or systems which may be available. The aim of modelling using Virtual 
Reality is in particular the reduction of the research time and thus the increase in productivity of the design 
process. During the modelling attention must be paid above all to the consistency of the model. At the same 
time consideration has to be given to the temporal aspects of the model components. 

The design for and the development of the modelling components of a Virtual Reality system are to a great 
extent determined by the available technology for this. 

For modelling, the current starting point is the modelling of elements of buildings in the form of components. 
These components can be looked up in a component library. From then on they may be used in the 
composition of the design model. Due to the possibilities of the Virtual Reality systems the components which 
have geometry and attributes have to be replaced by objects. Objects are in this case a sort of component but 
they have mutual relationships and individual operation which describe their behaviour under certain 
circumstances. Finally certain situations of the objects have to be used for the composition of a design 
situation. 

Model 
This concerns here a model of a design (object), in a situation (space), at a certain moment (time). The 
geometry and the attributes of the entities are given from the design or the object. In the case of construction 
the objects can be divided up in terms of area, construction and construction element levels. Geographical and 
topological relationships between the entities can be established in the situation or the space. Taking into 
account the time aspects, the operations of certain objects can be established in a retrospective, current or 
prospective sense. Through this several versions of the situations of these objects arose. 

The design for and the realisation of a design model (structure) is dependent on the form of the exchange of 
data between the different systems. In addition to a definition of the form of the exchange a definition of the 
product in model terms (product model) is also necessary. 

The character of the design model is also still undergoing further development. Until recently, and this still 
applies for presentation media, if a model was 3 dimensional this was an important characteristic feature. In a 
Virtual Reality system the model has rather to be as autonomous (independent) as possible. This is, amongst 
other things, attained by the use of objects with operations instead of components with applications. At the 
same time the design model is progressing from being integrated with a sequential connection between 
different aspects to acting in real time, with a connection which is as good as being parallel between these. 

Simulation 
Here this concerns the simulation of certain aspects of the design model. The emphasis here is on the 
evaluation of a design. The form of this is dependent on the architectural aspects such as lighting, which have 
to be simulated and on relevant information technology (building information theory) aspects. 
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The aim of the simulation in Virtual Reality is in particular the increase in the capacity for the finding ofa 
solution and thus of the quality of a design. During simulation attention must above all be paid to the 
correctness of the result. At the same time consideration has to be given to new developments in the area of 
for example concurrent engineering. 

The design for and the development of the simulation components of a Virtual Reality system are to a great 
extent determined by the systems which are available for this. 

In the case of simulation, the starting point at the current time is the simulation of the attributes of design 
components, such as colour and texture. Due to the possibilities of the Virtual Reality system the simulation of 
component attributes has to be replaced with the simulation of operations of objects. Finally transformations 
of model situations have to be simulated. 

Representation 
This concerns here a representation of a design model or else the result of a simulation of one. A 
representation can be graphic (for example audio I video), alphabetic (for example text) and I or numerical (for 
example tables) in nature. What happens in most cases is that the representation of a design, in Virtual Reality, 
is able to make use of light, sound and touch. 

The design for and the realisation of a design representation depends on the form of presentation to various 
users or interested parties. In addition to a definition of the content ofthe presentation a definition in model 
terms (presentation model) of the required or necessary presentation is also required. 

The character of the representation is still undergoing further development. Until recently, and this still applies 
for presentation media, representations were generated on the basis of certain raytracing algorithms. In a 
Virtual Reality system the representation has rather to be as realistic as possible. This is, amongst other things, 
attained by the use of raydiosity or ray tracking algorithms. At the same time the design representation is 
progressing from being iterative (repetitive), with a sequential connection between changes and 
representations, to acting in real time, with a connection which is as good as being parallel between these. 

Perception 
Here this concerns the perception of the representation. The emphasis here is on the analysis of a design (or a 
design situation) The form of this is dependent upon the (detail) level in which the design model (and the 
representation) is to be found and the relevant elementary geometry aspects. The aim of the perception in 
Virtual Reality is in particular the improvement ofthe "conditions of work" for, by way of example, the 
principal, the designer and the adviser. During perception attention must above all be paid to the completeness 
ofthe design model and the representation. At the same time consideration has to be given to new 
developments in the area of distributed data bases. 

The design for and the development of the perception in a Virtual Reality system is to a great extent 
determined by the available media. 

In the case of perception, the starting point at the current time is the perception in the form of a mono image 
and sound. 

Owing to the possibilities of Virtual Reality systems the perception in mono has to be replaced with perception 
in stereo, which applies for both the image and the sound. Finally it must be possible to perceive design 
presentations with satisfactory quality and speed by means of immersion (surround I all round). 

3.8.3 Stage of development 
With the aid of system concept components it is as a result also possible to describe the situation with 
reference to the development of presentation media into Virtual Reality. Here it is being assumed that Virtual 
Reality actually stems from presentation media. The most important difference between the two media is once 
again the fact that in the case of presentation media the emphasis is on the reproducing of a representation of a 
design model whilst in the case of Virtual Reality the emphasis is on the (self) perception of this. Another 
difference is that in the case of presentation media there is a mutual interface between people and that in the 
case of Virtual Reality the interface is between the person and the computer system. 

Presentation media: 
The situation with regard to presentation media can be demonstrated by means of the following 
characteristics: 

user-friendly interface; 

modelling with components; 
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3 dimensional model; 

simulation of attributes; 

generated representation 

minimal reproduction in mono (as appropriate also in stereo). 

BIT Notes 

With reference to Virtual Reality systems a difference is made between Stereo Virtual Reality systems and 
Immersive Virtual Reality systems. The situation with regard to these systems can also be demonstrated by 
means of the system concept 

Stereo Virtual Reality: 
This designation refers to the use of stereo images and the possibility of perception with stereo glasses 
(polarised glasses or shatter glasses). These systems are also designated partial immersive Virtual Reality 
systems or virtual holography systems. In their application the emphasis is on the design objects. In this way a 
comparison may be made with working with a scale model or a mock-up. 

The situation with regard to stereo Virtual Reality can be demonstrated by means of the following 
characteristics: 

natural interface (with sensors); 

modelling with objects; 

autonomous design models; 

simulation of operations; 

realistic representation; 

perception in stereo Immersive Virtual Reality. 

Immersive Virtual Reality: 
This designation refers to the use of immersive (surround / all round) images and the perception possibilities 
with head mounted displays or stereo data projection in domes (caves). These systems are also designated as 
full immersive Virtual Reality systems or virtual environment systems. In their application the emphasis is on 
the presentation. In this way a comparison may be made with working with a 1: 1 model or prototype. 

The situation with regard to immersive Virtual Reality can be demonstrated by means of the following 
characteristics: 

interactive interface; 

modelling of situations; 

integrated model; 

simulation of changes; 

iterative representation; 

perception with immersion (head mounted display, dome). 

3.8.4 The Future 
Within a short time the developments with reference to the expansion of the interface should be completed. 
Here this concerns an expansion in order to attain the facilities of modelling and perception. With regard to 
modelling the use of the the 3D / 6D spaceball / joystick should be expanded upon with the use of audio / 
voice input. The use of eyeball tracking, for example the "looking at" of an object in a model is not yet 
envisaged. With regard to perception the use oBD / 6D (head) mounted displays and sound for illustration 
and orientation can be expanded upon with the use of tactile feedback. By means of this, the three, in this case, 
most important sense organs should be able to be used for modelling and perception. 

In the near future further work should be carried out on the ultimate Virtual Reality system. Here what is to be 
attempted is the creation of a real time computer and communication system. This system should offer 
possibilities for an interactive interface, for the modelling of model situations, for integrated design models, 
for the simulation of changes in situation of the model, for iterative representations and for the perception of 
these representations with immersive (surround) media. 
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In the near future research projects, should become directed to the research and development of possibilities 
for the simultaneous use of the same Virtual Reality system by several users (multi user) and for the 
simultaneous use of the same design model at several locations (multi site). This research is to be followed by 
the development of a prototype Virtual Reality system for the architectural design process. This prototype 
should fust be intended for presentations and demonstrations in general and within the construction industry in 
particular. 

The expectation for the near future is that the interface of Virtual Reality systems should become more 
interactive. The model be made integrated in character and the representation should be more iterative. Finally 
it should be possible to process the interface, the model and the representation in real time. These important 
system components should thus imperceptibly overlap with one another. 

Because the current situation is already designated with the term Virtual Reality perhaps the situation in which 
the different system components merge in with one another should be designated with the term Artificial 
Ontology. 
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4. Information technology and the building process organisation: trends 
and developments 

Introduction 
ThIs theme-report contains trends and developments for the implementation of information technology in the 
building industry. It will contain potential consequences for a future building process organisation. It is based 
upon a distant view on the building process organisation and on a closer view on the information technology 
(Figure 1). 
This theme-report should also address the research questions that were put forward. 
First of all there was a question related to the building process organisation: "How can the building industry 
gain advantage from information technology?". And,there was a question related to the implementation of 
information technology: "How will the building industry be influenced (changed) by information 
technology?" (Figure 2) 
Secondly there were two questions related to the possibilities of information technology in the building 
industry: "How can information technology contribute to the improvement of the quality of design and 
construction products?" and" How can information technology contribute to the improvement of the 
productivity of design and construction processes?" (Figure 3) And there was a question related to the 
limitations of information technology: "How can an effective integration and efficient communication be 

-t/'established?" (Figure 4) or "How can an information explosion be prevented?" 
Due to the special nature of the building process organisation. these questions should be answered in a joint 
effort of the building industry, information technology, and specialists in building information technology. 
Therefor a design and construction language should be developed for the description of design and 
construction products, processes and organisations. These descriptions should be used for the definition of 
design and construction theories and methods that are necessary for the development of information systems 
and techniques. (Figure 9) 

4.1 Trends and developments for the implementation of information technology 
The application of information technology is less revolutionary than expected. There is in fact still a gradual 
growth process where traditional mechanical tools are re laced b com uterised counte arts. The building 
industry has overcome the Starting p ase with an introduction of new systems happening in an uncoordinated 
manner. It finds itself between the Expansion phase, with more technological equipment in the workplace and 
an acceptance of new technologies, and the Formalisation Phase, with proceeding process automation, more 
attention to organisational effects and the use of networks and decentralised functions. This phase will 
eventually be succeded by the Integration Phase, with an integration of information and communication 
sx'stems, and tfie Maturity Phase, where the process of innovati()n gradually becomes cQmfortabl~ at.,a higher 
t~Ch!!~~?lleveI:~n -,-~,--,~--~.,---~--

Insight is necessary in the organisation of the building process for a design of information systems and for a 
qualitative implementation of information teChnology. Th~use ofil1formation technology, in relation with the 
bujJQ~ng process orga)1is<l:ti2!l, should be aimed at an impr9Y\?ID@n! pftp@ 'lH5!IiJ;xpfthe build~]Ioduct. 
Therefor information technology should support simulations of design and construction aspects. integratipn pf 
information. product modelling and automation in design and construction information systems. This support 
is dependent of the advantage the building industry is able to gain from information technology. It is limited 
by the confusipn that exists in the building industry and the scarce research and development and education 
and training efforts and facilities. 
For the realisation of informatipn systems and for a productive implementation of information technology in 
the building process organisation, insight is necessary in information techniques. The use of information 
t~chniques should be aimed at an improvement of the productivity of the building process. Therefor 
informatIon technology should support p~iocea:ures for design and construction processes. communication of 
information. pT9cess modelling and automation of design and construction processes. This support is 
dependant of the influence of information technology on the building industry. It is limited by the cpmplexity 
of the building industry and the existing application and management environment. 

4.1.1 Quality of design and construction products 
Information technology will contribute to the improvement of the quality of design and construction products. 
The quality of the design and construction products can be improved by the development of simulatipns for an 
enlargement of the solution space. effective integration. product modelling, and automation (Figure 4). 
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Infonnation technology will be able to support the integration of infonnation, and the simulation of design and 
construction aspects'-The building"'Iiidustrywill have to difiile the~product models with objects, attributes, 
operations, relations and messages for this integration and these simulations. 
More and more clients wish to examine the final design or construction product, in a real or simulated fonn, as 
early as possible in the process. They also want to know about the perfonnance and consequences (cost and 
time) as soon as possible. Simulation technologies like presentation media and Virtual Reality will be applied 
more and more. 
The application of quality assurance and a perfonnance concept, with a quality system and fonnalised 
procedures, will be an important topic in design finns. 
There is a change from a capacity-oriented market to a product-oriented market with integral process 
management in construction finns. 

4.1.2 Productivity of design and construction processes 
Infonnation technology already replaced design instruments and it contributed to the improvement of the 
productivity of design and construction processes. It will now also replace construction instruments and it will 
contribute to the automation of design and construction processes. The productivity of the design and 
construction processes can be improved by the development of procedures for shortening the search path. 
efficient communication process modelling. and automation. Infonnation technology will be able to support 
the communication of infonnation and the I?rocedu~e~ for design and constr!Ict~)!lPr9,~el'Ses. The building 
industry-Will haveto-define the process models with activities, output, control, input and mechanisms for this 
communication and these procedures~ 
Within the context of this theme-report the emphasis is on expectations concerning this building process 
organisation and more in particular on participants. infonnation. instruments. and co-operation. 
Offices of building process participants can be decentralised throughout the country, the continent or the 
world. Employers can work in office hotels. Tele-communication and remote control systems can give the 
designers and constructors the opportunity to stay up to date and to control design and construction processes. 
The number of participants will grow due to specialisation. The number. of participants answerable to the 

client d~~!~~~~~_!Q!.Q!l.&h.£Q.::QR~!!<?.I!!_(;Q:-.Qr:.cli!!~tj()IlJh~r:.e_\VmJ?e.~}~()re_~rJe.s~'<:()IlsiS!~Ilt~e.L'!.!!onship 
between client, process manager and or architect. 
The neea"for a more'cIienfand customer oriented building process is becoming an important driving force for 
organisational innovation in the building industry. The design brief may change from a unique document to an 
evolving document. 
Because of the integr~tion of design and construction infonnationJ._~gj!l_~~ri!!g.~Xfice.~ __ ~ill integrate as well. 
Designers and engineers responsibilities may be limited to making a functional and technical design (design 
for purpose, design for perfonnance, perfonnance specification). Contractors submit tenders based upon their 
own technological design. (design for production). 
T~r~willbe a move of construction and or production activities from the building site to the industry, with 
aE_~mphasis on logistical aspects and ass-embfy of products: ......... --.--.-.----.--.-.-------

There- is-a trend towar<fsorganlsing-fuep-iocess,··basedonthe principle of system (unit) contracting. The basis 
of this is breaking down the design and construction part of the process into units that are technical and 
logistical independent and that can be contracted out separately. System unit contracting puts a strong pressure 
on standardising joint details. On the other hand it gives far more freedom for innovation within a system unit. 
Building infonnation technology specialist will playa central role in the joint efforts, with the building 
industry and infonnation technology, for the development of information technology in the building industry. 
Together they will build and established operational models of the building industry prior to introduction or 
implementation of infonnation technology. 
The building process will develop from unique and project dependant to standard and product dependant. The 
organisation will develop from project oriented with incidental co-operation to product oriented with structural 
co-operation 
In certain segments of the market specially the large building firms offer total service packages in which 
constructing a building is just a part and in which also are included components like financial engineering, 
development and design and facility management. The building process becomes here an in company 
production process in stead of a process of different co-operating finns. 
Building companies will have to make a strategic choice in what segment they want to be active. Building 
process management should follow this segmentation and adjust its perfonnance to the requirements of 
projects in specific segments. 
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4.1.3 Integration 
Effective integration of information in systems in organisation is essential to a controllable information 
system, and should in the long run contribute to an information implosion. 
Innovative integrated firms, or groups of co-operating firms, take the lead in this area and a distinction will 
grow with more traditional projects and firms. Information technology is seen as a critical factor for 
competition. 
Product modelling is important for a sound foundation for a Computer Integrated Construction (CIC) 
framework. Building product models may become the bases for inter-professional integration and 
communication. These models should improve the use of integrated information technology in the building 
process where possible. 
Information is an important element of building process organisation. It flows through the'Yhole building 
pr~~~<l.l1~ be~~,~Il, al!the differ:~.tp~icip~ts.TJsuanY)~f'O-iiiiationTs dupli~~t~~l!!l~!!~d and used in 
different f-'?!I!!~~~~:t variousp~Les: A lot offailings are related to i!1~eq,!acies in infonnation. Integrated 
infonnation technology will really improve the building process organisation. Compatibility of systems would 
allow a direct transfer of infonnation to all parties involved. 

4.1.4 Communication 
Efficient communication of infonnation in systems in organisation is essential to a controllable information 
system, and should in the long run contribute to an infonnation implosion . 
. gQmmunic~atio.l!-~chnigues will redu~~JI1~ J!lQ!>il!ty.~Qfjleo~~.0I:l:lff~L and tran~rtation. 
Applications of infonnation technology will make use of local and distributed computer systems and 
(tele)communication techniques and media. 
On the medium tenn one may expect more or less closed networks of co-operating EDI users to appear in the 
building industry. On longer term EDI will become a more nonnal tool for data interchange, at least for the 
medium size and larger firms. EDI will strengthen the explicit distinction between innovative and traditional 
finns. 
Th~core of infonnation technology applications in th~_b!1ndin.g J>r~~.s_sj~!!eQrole,ctcill!llJ>'~~Lil1 which all 
gr9jectrelated data is stored and through which process participants communic~te_~d_~}{~ha.n~e infonnation. 
Standardsfurcommunicatlon andliifomlat1on transfermiisTbe'agreed upon -between the participants involved. 
Some of these standards will be project dependent, some of them will have a more general nature. The ability 
to.p.!rticieate in this~f communication is a key' factor in t!!f?~le~i2.f!.()fpartne!]_p_~1?r9k~. The needed 
investment involved this technology may become a strong driving force towards project independent 
partnership or firms co-operating in projects. 

4.2 Potential consequences for the future building process organisation 
In the building industry there are three main streams with idea's about the implenentation of infonnation 
technology: 

infonnation technology is necessary for adjustments of the building industry; 

infonnation technology can only playa part in the building industry after a change has been made from 
construction to industrialisation; 

no changes, gradual integration, changing the market, changing the process, (partly parallel, partly 
sequential). 

4.2.1 Advantages 
The speed of infonnation technology implementation in the building industry will be different per market 
segment. It will dependQl~Jhe expec~ti~Qde_~y!lJllf?_{}Xinforn!ati{}!1.t~E!!f!ol()gYl'lPPH~'!!ions related to the We 
of projects (capacity oriented, product oriente~ etc,). Infonnation technologymaygec9me a crucial factor in \ 
thedevelopment towards a more explicit segmentation of the builciing}l111rketllJ1<ltllei>uilding industry. \ 
For -smaIl and -capaaty oritmted building companies working in'the local market on small projects on behalf of 
non-professional clients, the benefits and application of integrated infonnation technology systems will be far 
less than for large building companies working in the international market on complex projects with many 
partners on behalf of professional clients. Especially those companies that are able to deal with an industrial 
approach to the building industry will be able to gain advantage from information technology (Figure 2). 
Information technology is the most general technology that has ever been available for the building industry. 
The proper use of infonnation technology will be indispensable for an efficient, quality oriented and 
integrated building process. 
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4.2.2 Influences 
The building industry and the information technology need to develop their own scenario's and strategies. 
Together they have to agree upon feasible goals, relevant problem statements, and useful system 
specifications. 
Research and development will be carried out as a joint effort of the building industry, information 
technology, and specialists in building information technology. A design and construction lanl:ual:e, with 
syntax, semantics and pragmatics, will be developed for the description of design and construction products, 
processes, and organisations. This language will also be used for the description of simulations and 
procedures. 
Research on information technology in the building industry should be directed towards agreements on the 
integration of design or construction aspects and on the communication of design and construction 
information. 
The influence of information technology depends on project and procluct_tYl!e?~<lJ1<ioll!l1~~omplexity of the 
projecf~n(fihe-ori~isatiori(Figur~2TH()wever::tlle -~pp[lf~!fo1i-_()fi!1fQrIIlatioQ te2D!1Q!OGY should be 
stimul"<!t"eq duri!lg_d~§.igQ~.dconstnl(;tion proc~s~e~ .. Info!!l!<!tiQnJ~~hnology~hQ!!l<!J!tHtc:ly~lop~g tq r~pJace 
traditiQnal informatio~ media_!~ al~',\'for a eap~r!~ss b~i~dingJ'l'~~!; 
Some participants in the building process will be educated as building information managers and/or 
technicians. Building information technicians are those capable of tuning information technology to the 
building industry. A background from the building industry is of assistance in understanding this need. A 
building information technician should also be able to control the implementation of information systems. 
There is a continuance need for international monitoring of developments. 
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Figure 1: Trends and developments; Potential consequences 
This figure represents trends and developments for the implementation of information technology in the 
buildjng industry. It shows potential consequences for a future organisation of the building process. It is based 
upon a distant view on the building process organisation and on a closer view on the information technology. 
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Figure 2: Motivation for change 
The possibilities to use information technology have increased. Still information technology hasn't been able 
to contribute to the building industry, or, even better, the building industry hasn't been able to gain advantage 
from information technology. Obviously there is a lack ofinfluence in both ways. The building industry and 
the information technology need to develop their own scenario's and strategies. 
The question related to the building process organisation is: "How can the building industJ:y gain advantage 
from information technology?" 
The question related to the implementation of information technology is: "How will the building industJ:y be 
influenced (changed) by information technology?" 
For small and capacity oriented building companies working in the local market on small projects on behalf of 
non-professional clients, the benefits and application of integrated information technology systems will be far 
less than for large building companies working in the international market on complex projects with many 
partners on behalf of professional clients. Especially those companies that are able to deal with an industrial 
approach to the building industry will be able to gain advantage from information technology. 
The influence of information technology depends on project and product type, and on the complexity of the 
project and the organisation. However, the application of information technology should be stimulated during 
design and construction processes. Information technology should be developed to replace traditional 
information media to allow for a paperless building process. 
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Influences 

Figure 3: Need for feasable goals 
The building industry and the information technology have to agree upon feasible goals. 
To support the objectives of the building industry, information technology should contribute to the 
improvement of the quality of the desilin and construction product, and the productivity of the desilin and 
construction processes. 
The questions related to the possibilities of information technology in the building industry are: "How Can 
information techno!oliY contribute to the improvement of the quality of desilin and construction products?" 
and II How can information techno)oliY contribute to the improvement of the productivity of desilin and 
construction processes?" 
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Influences 

Figure 4: Need for relevant problem statements 
The building industry and the information technology have to agree upon relevant problem statements. 
The quality of the design and construction product can be improved by the development of simulations for an 
enlargement of solution space. effective integration. product modelling. and automation. Information 
technology will be able to support the integration of information, and the simulation for design and 
construction processes. TheOuITd"ing inciiistrYwTfihave to define the product models with objects, attributes, 
"--- ~ 

operations, relations and messages for this integration and these simulations. 
Th~oducti~.i!Y of the design and construction processes can be imEroved by the development of procedures 
for shortening tileSeafCh"path:-eftlcient'cQmmunication~process modelling. and automation. Information 
technology wIITDe'iibTe tosuppof{ the communIcation of information and the procedures for design and 
construction processes. The building industry will have to defme the process models with activities, output, 
control, input and mechanisms for this communication and these procedures. 
The question related to the limitations of information technology: "How can an effective integration and 
efficient communication be established?" or "How can an information explosion be prevented?" 
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Figure 5: Need for usefull specifications 
The building industry and the infonnation technology have to agree upon useful system specifications. 
Insight is necessary in the organisation of the building process for a design of infonnation systems and for a 
qualitative implementation of infonnation technology. The use of infonnation technology, in relation with the 
building process organisation, should be aimed at an improvement of the quality of the building product. 
Therefor infonnation technology should support simulations of design and construction aspects. integration of 
infonnation. product modelling and automation in design and construction infonnation systems. This support 
is dependent of the advantage the building industry is able to gain from infonnation technology. It is limited 
by the confusion that exists in the building industry and the scarce research and development and education 
and training efforts and facilities. 
For the realisation of infonnation systems and for a productive implementation of infonnation technology in 
the building process organisation, insight is necessary in infonnation techniques. The use of infonnation 
techniques should be aimed at an improvement of the productivity of the building process. Therefor 
infonnation technology should support procedures for design and construction processes. communication of 
infonnation. process modelling and automation of design and construction processes. This support is 
dependant of the influence ofinfonnation technology on the building industry. It is limited by the complexity 
of the building industry and the existing application and management environment. 
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Advantages 

Influences 

Figure 6: Insight in process and organisation of the building industry 
In this figure the emphasis is on relevant building process participants. design, construction and management 
information, information technology as instrument, and on co-operation between the participants, using this 
technology. 
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Advantages 

Influences 

Figure 7: Insightin information techniques ofthe information technology 
Examples of applications in the building industry show the use of local computer systems, and hesitation in 
the use of distributed computer systems, (tele)communicatiQn techniques and other media, 
Applications of information technology will make use oflocal and distributed computer systems and 
(tele)communication techniques and media. 
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Influences 

Figure 8: Joint effort of building industry, information technology and building 
information technologies 
Insight is requireds into the development of information techniques in general and more specifically in the 
building industry. Research and development. education and training. application and management should be 
carried out as a joint effort of the building industry, information technology, and specialists in building 
information technology. 
The advantage the building industry is able to gain from information technology is limited by the confusion 
that exists in the building industry and the scarce research and development and education and training efforts 
and facilities. 
The influence of information technology on the building industry is limited by the complexity of the building 
industry and the existing application and management environment. 
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Figure 9: A language for the description of products, processes and organisation 
Research and development will be carried out as ajoint effort of the building industry, information 
technology, and specialists in building information technology. A desil:n and construction langual:e, with 
syntax, semantics and pragmatics, will be developed for the description of design and construction products, 
processes, and organisations. This language will also be used for the description of simulations and 
procedures. 
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