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Abstract
The paper discusses the scope of research on information technology applications in
construction (ITC). A model of information and material activities is presented, using the
SADT activity modelling methodology. This rather abstract model is used as a basis for a
discussion of ITC, comparing it with research in design methodology, construction
management and facilities management. The latter part of the paper focuses on the
question of information management and transfer, the central issue of "computer-integrated
construction". For this purpose the basic model is further refined into a number of generic
information handling activities such as creation of new information, information search
and retrieval, information distribution and person-to-person communication. The
viewpoint could be described as information logistics. This model is then combined with a
more traditional building process model. The resulting two-dimensional matrix can be used
for positioning different types of generic IT-tools or construction specific applications. It
also provides a framework for discussing ITC research directions.
Introduction
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The study of information technology applications in construction is a young field of
research, still struggling to define its place within the large family of academic disciplines.
Being a young branch of science, information technology in construction (for which I will
use the abbreviation ITC in the following text) lacks a solid methodological foundation.
The only paradigm that most researchers in the domain currently share seems to be
”object-orientation”, a term which can be given many shades of meaning. Other than that
there is a multitude of different research directions ranging from computer programming to
management strategies.
In order to discuss ITC issues we first need a clear understanding of what we mean by
”information technology” and ”construction” and of the relationship between these two. It
seems appropriate to start with construction since this is the fundamental activity to which
IT techniques are applied. The purpose of construction activities is to produce artefacts
such as buildings, process plants, roads and bridges. Civil engineering artefacts are, in
contrast to most other manufactured products, located in particular places and need to be
constructed on-site rather than in factories. They are also usually one-of a kind products.
The duration of a construction project is usually long. A comprehensive definition of the
construction process should clearly include the whole life-cycle of civil engineering
artefacts, including both design, construction, operation and maintenance. In particular it is
important to stress the inclusion of operation and maintenance since an important part of
the information used during these stages originates during design and construction. It is
also important to include the manufacturing of the building materials needed as well as
public planning and inspection activities, activities which often are overlooked in process
models of construction.
Information technology (IT) can be defined as the use of electronic machines and programs
for the processing, storage, transfer and presentation of information. In earlier days when
the emphasis was on processing only the term electronic data processing, EDP, was
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common. Nowadays the use of information technology is no longer confined to huge
number-crunching machines housed in air-conditioned computer halls but permeates all
aspects of everyday life. Communications technology is today an important part of IT. Not
only computers and their software, but also devices such as the telephone, the
photocopying machine and the telefax should thus be included in the definition of
information technology. Many of the functions of these devices are in fact increasingly
integrated. With the latest generation of laptop computers it is already possible to send and
receive faxes and emails. Recently mobile phones which incorporate small
microcomputers have started to appear on the market.
The construction process: two interacting subprocesses
In the following the SADT modelling technique will be used as a tool for modelling the
construction process. SADT is not the ideal modelling tool for this purpose, but despite
some deficiencies and limitations it is easy to understand and there are good computerbased modelling tools available [Marca and McGowan 1987]. The basic methodology in
SADT (or the closely related IDEF0 technique) is to model a process as a hierarchical set
of interrelated activities. In figure 1 the top level of such a hierarchical model, describing
the construction process, is shown.
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Figure 1. The construction process shows as one aggregated activity
Each activity takes some inputs (in this case input information, raw materials, etc.) and
transforms these into outputs (information, buildings and products). An activity is
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performed by actors with the help of machines, computer software etc. These latter are
called mechanisms and are shown as arrows underneath the activity box. An activity is on
a more abstract level controlled by instructions or more general knowledge (controls,
shown above).
In a highly abstract way the construction process can be divided into two highly integrated
sub-processes which interact with each other at many different levels. This subdivision is
based on the nature of the objects that these sub-processes deal with. The information subprocess activities always result in information whereas the material sub-process activities
produce services of physical objects (figure 2).
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Figure 2. The construction process seen as two interacting subprocesses
In the material process raw materials and prefabricated components are created, modified,
moved and installed and finally become embedded parts of the finished artefact. If we were
to film a construction site during its whole duration, and to show it in extreme ”fastmotion”, what we would observe is almost exclusively the material process.
But the material process cannot function on its own. In contrast to the physical or chemical
processes occurring in nature, the creation of any man-made artefact requires an
information process which initiates and controls the necessary material activities. The
immediate results of the information process are presented as drawings, specifications,
schedules, procurement orders etc. which control all material activities either by specifying
the resulting artefact (design information) or the activities that need to be carried out in
order for the artefact to be constructed (management information).
Both types of activities utilise resources which are consumed in the process (materials,
energy, labour, wear and depreciation of machinery). The cost of an activity is the direct
result of the consumption of resources. A special type of resource or input is information,
which as such isn’t consumed in the process of using it, but nevertheless has a price.
Integration between the information and material processes
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The information and material sub-processes are integrated by information flows in two
directions. Firstly the information process produces information which indirectly or
directly controls the material activities taking place. Secondly the information processing
activities constantly need feedback information about what’s actually happening in the
material process, in order to check compliance with the designs or monitor the progress of
the work against the schedules. In a longer time perspective the information process also
needs feedback on the performance of buildings during the maintenance stages.
The interface between control information and actions in the physical world are
consequently of interest. On one hand, information needs to be transformed into actions
carried out by persons or by persons aided by tools and machines. The extreme case is the
use of robotics, where information on higher levels needs to be transformed into very
detailed instruction for how the robot moves its arms. Going in the other direction physical
impulses such as temperatures, pressures, light, etc. need to be transformed into
information using measurement equipment. The simplest transformation is done by the
human eye and brain by visual observation. This mechanism can today in many cases be
substituted by IT-enabled techniques such as bar code readers and automatic pattern
recognition. An SADT-diagram including the interface activities is shown in figure 3.
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Figure 3. Interfaces between the information and material processes.
Levels of abstraction in the model
This clear split into information and material process activities can be observed on several
levels of abstraction. On the highest level in our schematic model we can envisage the
whole construction process, say from inception to the delivery and use of the finished
artefact, which consists of a higher part aggregating the set of all information processing
activities and a lower part containing all material handling activities.
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If we look at the process slightly more in detail we will notice that the information process
includes several consecutive and parallel activities even before any material activities start.
Stages such as briefing, schematic design, tendering, etc. are basically only information
processing activities and it is only in the later stages of the construction process that there
is a close correspondence between information and material activities, in the sense that the
information process results in detailed instructions which control material activities. The
end results from an earlier information processing activity are used as input information to
the next activity (for instance the client’s brief as input to the schematic design stage and
the architects designs as the basis for structural and building services design). In addition
to product and process definition activities analysis activities which aim at predicting
aspects of the material process during construction or operation of the facility (i.e. cost
estimation, energy simulation, FEM-analysis) are typical in these early stages
In later life-cycle stages we find that the information activities start to result in information
which more directly is used to control the material process, such as the procurement of
materials and the construction activities on site.
At some point of detailing in our hierarchical model (i.e. weekly or daily planning of onsite activities) a stage is reached where the formalised, often company-specific
documentation routines end and where oral communication starts. Much of the detailed
information processing is left to the individual workers actually carrying out the tasks. This
doesn’t mean that the information process ends, the basic abstraction is still valid, but that
at this level of detailing formal documents are no longer produced. A human bricklayer for
instance doesn’t require as detailed instructions as a robot doing the same job would.
An important trend of the last hundred years or so is, nevertheless, that more and more of
the information needed is explicitly formulated in project documents, master
specifications, etc. In earlier centuries much of the information was conveyed orally and
there was heavy reliance on craftsmanship. Part of this increased degree of formalisation
could also be explained by the more and complicated building services systems which need
to be documented, but for the most part the underlying reason seems to be the increased
division of labor in the construction industry.
Rationale for the adopted way of modelling
I have described the subdivision into material and information activities quite at length. I
feel this is justified because this way of describing the process differs somewhat from the
mainstream of construction process modelling efforts [Sanvido 1990], [Cooper et al 1996].
In many of the descriptions found in the literature the distinction between information
processing and material processing is quite unclear. The modelling tends more to follow
existing organisational borders and current documentation practise than proceed from a
more fundamental analysis. In such models the design phases are clearly distinguished, but
it is difficult to separate out the information handling activities involved in site
construction and the procurement of materials.
In particular the distinction between information and material activities is difficult to
observe due to the current way of monitoring costs for a construction project. A lot of what
could be regarded as overhead costs are in fact due to information activities at different
levels. Some costs which from one viewpoint (the main contractor’s for instance) are
accounted for as pure material costs, can from another viewpoint (the manufacturer of the
material) include a large share of costs due to information processes. The result of this is
that it is quite difficult to get an overall picture of the importance of information processing
activities in terms of their share in overall construction costs.
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Trends in the use of machines in construction
In a historical perspective the construction industry shows an increasing trend to use
machines to automate both the material and the information processing activities. Since the
industrial revolution started in the 18th century machines have been used to automate or to
aid man in performing material handling tasks. Tremendous increases in productivity have
been achieved in particular in the large scale movement of materials typical of
infrastructure projects.
Since the latter half of the 20th century machines have increasingly been used also to aid in
information processing tasks. Early uses were in particular computer applications for
engineering analysis. Since the 80's IT use, in the form of CAD and word processing
software, copying machines, faxes, mobile phones, computer networks, etc. has increased
enormously and now affects all aspects of the information process. In a recent large
Swedish road and tunnel building project, to take one example, the whole documentation
needed for bidding was delivered to prospective contractors on a CD-ROM disk.
There are two different ways of using machines for automating activities (or for aiding
humans in performing them). The first one is to take the manual process as it stands and
use machines or computers to enhance it (straightforward automation). The second option
is to redesign the process, taking into account the possibilities offered by machines (reengineering).
A good example of straightforward automation is the use of a CAD-draughting program
instead of a drawing board for the production of construction drawings. A CAD-system
certainly offers some productivity gains compared to the traditional process, in particular
for managing changes or if repetitive drawing elements are used. The end result is,
nevertheless, almost exactly the same as in manual drafting and often the resulting
drawings are copied and mailed just like before.
An example of re-engineering is provided by the way the Swedish facilities management
company ABB Fastigheter uses IT to enable service personnel to handle complaints and
malfunctions related to the thermal comfort and energy usage in their large building stock.
The service personnel are contacted through their mobile phones. Instead of rather
expensive travel to correct situations, in particular during weekends and in the sparsely
populated northern parts of Sweden, they access the computerised control system of the
building in question over a modem from their laptop computers and make any necessary
adjustments remotely. This leads to substantial reductions in the amount of personnel and
travel needed and also makes the work itself more comfortable.
IT has in the initial stages of its introduction in the construction industry mostly been used
for straightforward automation. Only after a number of years have enterprises learnt about
the opportunities offered by IT and started to use IT in more innovative ways. The recent
developments in networking and communications technology and the miniaturisation of
the hardware have also started to offer increasingly possibilities for re-engineering.
Some of the most important effects of IT on the business processes in the industry have, on
the other hand, happened more or less in an unplanned fashion and not through conscious
re-engineering or preceeded by extensive research. Consider for instance the rapid
proliferation of the telefax. I doubt that buying a lot of fax equipment has been a very
prioritised issue in the IT strategies of construction firms. And how many scientific
articles have been written about the effects of the telefax on communication and business
processes in construction!
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What is ITC concerned with
Against this background, what is the domain of study of information technology in
construction? How does it differ from nearly related disciplines such as design
methodology, construction management or facilities management?
ITC is concerned with the information process. It is also concerned with the interfaces
between the information and material processes (techniques for data capture and automatic
control). It is, however, only indirectly interested in the material process, through the
possible effects that a more efficient information process can have on the material process.
In this respect it differs from construction management, which has a much more direct
interest in the material process.
Furthermore ITC is in particular concerned with how IT tools and techniques can be used
to facilitate and re-engineer the information process. Design methodology is also
interested in how information is created and managed but the use of IT tools to support
design activities is only a secondary issue.
ITC research aims at facilitating the information process throughout the life-cycle of
constructed facilities. In this respect it is a more general in scope than disciplines such as
design methodology and facilities management, which mainly restrict themselves to certain
life-cycle stages only.
ITC research is more concerned with the generic problems of how to apply new evolving
IT techniques to construction problems than with problems related to particular types of
artefacts, limited phases of the process, etc.. During the latter half of the 80’s there were
for instance numerous conference papers and articles on prototype expert systems for
solving various problems in design, construction and maintenance. The more generic
results concerning knowledge elicitation, applicability of different types of expert systems
techniques and comparisons of the results with the judgement of human experts were in
general more valuable than the exact knowledge bases which were developed.
Similarly I would also like to draw a borderline between ITC and the development of
computational methods for engineering analysis. Techniques such as FEM-analysis of
structures or energy simulation of buildings rely entirely on the use of computers, but often
the main problems addressed are in the correct modelling of the real world phenomena at
hand and not so much in the IT solutions. Research of this nature is relatively well taken
care of within established civil engineering sub-disciplines.
Information transfer throughout the construction process, between organisations, lifecycle stages and engineering disciplines is a primary research area for ITC. This means
that methods for structuring information and for data transfer have been of particular
interest to ITC researchers. Evidence of this is the attention which researchers have
recently given to the topic of computer-integrated construction, in particular to methods for
describing a building in digital form (building product modelling).
In considering the domain of ITC one should also bear in mind a life-cycle view of
research and technology transfer. The new techniques which interest researchers today
may become best practise in leading firms ten years from now and common practice in the
industry twenty years from now. This is more or less what happened to CAD-technology.
The fundamental computational methods for CAD were developed in the early 70’s,
commercial mini-computer based systems were taken into use in pioneering big
engineering practices in the early 80’s, but it is only now, in the 90’s that we have reached
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the point where CAD-generated drawings and CAD-models are the rule rather than the
exception in design practice.
This distinction between research topic, best practice and common practice is important
when comparing ITC research with research in a field such as construction management. It
seems that 90 % of ITC research has dealt with the development of techniques which are
still in the research and laboratory stage. The typical pattern is one of researchers trying
out the latest and most exciting techniques coming from general developments in computer
science (knowledge based systems, object-oriented data bases, neural networks) or from
commercial IT (currently for instance world wide web). Full scale testing of prototypes
originating from research in real construction projects has, however, been relatively rare.
The empirical study of how IT is actually used, whether in the pioneering firms
representing best practice, or in the majority representing common practice, has not been a
very visible field of research. This is in contrast with construction management, where a
substantial part of the research literature reports on case studies or broader empirical
investigations.
Forms of integration
I would like to use the last part of this presentation for a discussion of the topic which I
have closest at heart, the integration issue. The fundamental challenge for computerintegrated construction research is to develop techniques facilitating the efficient creation
and management of information throughout the construction process.
Webster’s unabridged dictionary defines integration as “to make whole or complete by
adding or bringing together parts” [Webster's 1979]. Basically the goal of all conscious
integration activities is to make the whole construction process function more efficiently as
a whole, by making different sub-activities work more efficiently together as a more
comprehensive system. Concurrent engineering for instance, emphasises the integration of
the activities of different designers over physical distances as well as in time, using
techniques such as video-conferencing, work-flow systems etc.
Forms of integration have of course been discussed by numerous authors who have
presented strategies for the development of the construction process. Based on the
framework presented earlier three different types of integration come to mind: integration
of material process activities, integration of information process activities and
organisational integration. Organisation adds a third dimension to our model, but this has
not been explictly modelled in the SADT models.
Integration of material process activities means that activities which earlier have been
carried out in different places or strictly sequentially are brought together or performed in a
much tighter time scale due to better co-ordination. Typical objectives of such integration
is the minimisation of transportation cost of materials, decreasing the waiting times
between operations, better quality control, less inventories, etc. A good example of the
integration of material activities is a shift from production of building elements on site to
prefabrication in factories, offering the benefits of mass production and better
environmental conditions.
Integration of information activities basically means making the reuse and exchange of
information between the numerous nodes that create and use information in the
construction process more efficient. Using EDIFACT messages for paperless procurement
of building materials, or video-conferensing for communications between designers
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provide good examples. Here the main objective is minimisation of the time and resources
spent on information retrieval and communication.
Organisational integration can for instance be achieved by novel forms of contracting (i.e.
design-build, BOT-projects) where parts of the overall process which earlier have been
carried out by separate organisations are carried out within one organisation. The aim of
organisational integration can for instance be to decrease transaction costs between
organisations or to provide incentives for better life-cycle costing, taking into account also
constructibility and maintainability during design.
These three generic types of integration usually occur in combination, not alone. In the
following we shall nevertheless concentrate on the integration of information activities,
since this is where IT is the primary enabling technology. It is important to remember that
any larger reengineering activities aiming at integrating the information process should
take account of the effects on the material process and on the organisation of the overall
process.
Generic information process activities
In order to understand what integration of information activities is about and what role
different sorts of IT technologies can play in such integration we need to develop further
the simple model presented earlier.
In our theoretical model all activities of the information process which directly produce
new information or change old information can be considered primary activities.
Sometimes such activities can be carried out in relative isolation by individuals, using only
their skill and knowledge as well as the computational tools directly at hand. The creative
work of many major architects may belong to this category. In most cases there is,
however, need for some degree of consultation with other persons or the use of input or
background information which has been created and stored earlier. Thus the primary
activities which produce new information are almost as a rule supported by secondary
activities such as communicating with other persons or retrieving background information.
In our model we can consequently distinguish the following types of generic activities:
• Creation of new information
• Person-to-person communication
• Information search and retrieval
• Information distribution
The choice of these four categories is to some degree a matter of choice and could be
criticised. The main reason for these particular subtypes is that it is relatively easy to group
the application domains of general IT techniques using this classification. Thus a word
processor is mainly used for the creation of new information, data base systems are
vehicles of information search and retrieval, computer networks facilitate the distribution
and retrieval of information and mobile phones aid in person-to-person communication.
The split into these four types of activities can be seen clearly only as we study the
information process in its details. At a higher level of abstraction we find aggregated
activities (for instance a task such as detailed architectural design) which in themselves
consist of huge numbers of individual tasks belonging to the four categories above.
The design of the overall layout of a building is a typical aggregated activity, consisting of
a large number of sub-activities from all the above categories. In addition to the actual
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primary decision-making activity resulting in the layout design supporting activities such
as the retrieval of the city plans needed as a basis for the decision-making are needed.
Communication in the form of meetings between the different designers, sending faxes to
the client, etc. is also often needed in order to achieve this task. At the end of the process
the resulting design solutions have to be distributed to other parties using plotters, copying
services or the WEB.
An analogy from the material process would be the casting of concrete, which can be
considered a primary activity since its result will directly be incorporated in the final
product. The transportation of the needed materials to the site is a necessary support
activity comparable to the retrieval of information.
In figure 4 these four activity types and their interrelationships are shown. Note that
different types of IT-tools can be used as mechanisms for the different activities.
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Figure 4. Four generic information process activities
Creation of new information
Typically the creation of new information (changing old information could be seen as a
special case) is carried out by one person alone either manually or with the support of a
locally available computer application. To take an example close by I use a word processor
for writing this presentation. Typical tools which can be of a lot of assistance to
construction professionals include word-processors, CAD-systems and spreadsheets,
especially when they are used to produce the first versions of documents. In later stages
also the use of these kinds of applications can involve a lot of integration activities (for
instance reference file techniques may be used for including data residing on remote
servers into a CAD-model).
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Person-to-person communication
The second type of task consists of bilateral and multilateral person-to-person
communication. Here the emphasis is on how IT tools can be used to support the transfer
of information, rather than the creation of new information. It is important to stress that
due to the fact that we have persons communicating on both sides, the information being
communicated doesn't usually need to be in a highly structured form. From the viewpoint
of the communication hard- and software it is enough to now that voice, raster images,
video, plain text is being transmitted. It is up to the receiving person to interpret the
information and to react on it.
Most modes of communication take place in simultaneous real time (a meeting, a
telephone conversation, a video-conference), but we could also regard some nonsimultaneous activities as essentially belonging to the same category. This is the case for
modes of communication which are cheaper and more efficient direct substitutes for
simultaneous communication. These include sending and receiving letters, leaving
messages in answering services, telefaxes messages and electronic mail.
Viewed from a cost perspective communication can be seen as consisting of two generic
steps; establish the communication and communicate. This is shown in figure 5. In the case
of a physical meeting, for instance a meeting in the Amsterdam airport to plan a
submission to a EU call for proposals, the time and cost of getting to the meeting is a
substantial cost item, which could be classified under the heading establish
communication. IT can very effectively be used to reduce the cost of both establishing and
carrying out the communication. One of the charms of INTERNET is that it makes the
effort of establishing the communication very small, compared for instance to setting up a
dedicated network or modem-to-modem solutions. Video-conferencing may in the future
become a quite a useful substitute for physical meetings.
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Figure 5. The subtasks of person-to-person communication.
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Information search and retrieval
The third type of activities consists of information search and retrieval. In order to perform
some primary information creation tasks one very often needs access to information which
has been created earlier and has been stored on some medium in a reusable form. In
information retrieval the client can be either a person or a computer application but the
provider of the information is usually some passive medium (a filing cabinet for paper
documents, a drawing archive, a CD-ROM, a document management system, the Worldwide web). In contrast to communication the software taking part in the activity has to
know quite a lot about the information it exchanges and about its internal structure.
Let us look a little more in detail at what kind of information is retrieved. If we use the
”ownership” of the information as a criterion, we could distinguish four major types:
private information, project specific information, company-specific information and
generally available information. Regardless of which type is involved there are a number
of generic activities which have to be performed:
• Identify relevant information
• Identify the location of the relevant information
• Retrieve the information
• Reformat the information for use
In the task identify relevant information one tries to determine which background
information is of such relevance to the task at hand that it might be worthwhile to get hold
of a copy. For instance if the task is to check that a particular design fulfils the building
regulations this task may consist of finding out exactly which building regulations apply.
The result of this task usually comes in the form of reference information. Traditionally
this task could have been accomplished by asking a senior colleague, consulting the index
cards of a library, etc. Today a convenient way for Web information is to use a search
engine such as Lycos of Alta Vista ("building regulation+hospital").
The result of the activity identify the location of the relevant information is information as
to where a copy of the information may be retrieved. For instance a copy of the swedish
building regulations in book form may be accessible in KTH:s library. Or in the
INTERNET era an URL adress may be the result of this activity.
In the task retrieve the information a copy of the information is fetched so that it becomes
available at the actual place where the information processing takes place. This could be
achieved by having a library service mail a book or by asking a courier to deliver a copy of
a drawing. Computer networks are very cost-effective in this sort of tasks, for instance
using Ftp transfer.
Once the information is finally available locally there may be a need to change its format
in order to make it easier to use it as input in some information processing task (in
particular if some IT application is used). There could for instance be a need to copy
clauses from the building regulations to insert into a specification document, and this may
necessitate getting a copy of the regulation in a digital format. A very valid example of this
type of transformation is where design information is available in the form of paper
drawings and needs to be digitised into a CAD-format for facilities management purposes.
The overall process of information search and retrieval is shown in figure 6.
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Figure 6. The activities involved in information search and retrieval.
Information distribution
A necessary prerequisite for information retrieval is that the needed information has
already been made available by somebody else on some storage medium. This means that
we also need to model the chain of activities that the producer performs after he has
created some information locally. Sometimes there may also be intermediate transmitters
of the information (for instance construction information services) involved in the process.
Two special cases can be discussed:
• The producer sends copies of the information directly to specific end users.
• The information is made available somewhere, but it is up to the potential end users to
retrieve it.
These two special cases have been characterised as just-in-case and just-in-time
distribution [Turk 1997]. In the first case the producer disseminates the information
actively. The producer knows exactly who will use the information, and sends the
information specifically to the receivers, using for instance internal mail in a firm,
traditional paper mail, telefax or increasingly email. The responsibility for archiving the
information is primarily with the end user. In many cases the information is considered
unimportant and thrown in the waste paper basket, in other cases it directly calls for some
action. Yet another case is when the information is filed in view of some later reuse. This
mode is typically used for documents which have been produced in a project and are used
as the basis of the work of other project participants, for instance drawings. The mailing of
minutes from meetings is a typical example.
Just-in-case distribution involves the following types of activities.
• Format the information in a form suitable for reproduction
17

• Define the reference information which identifies it
• Copy the information
• Distribute the copies
It should be noted that in this case the information retrieval activities in the receiving end
are simplified since the receiver only has to search his own paper archive or local server
for the information, often at some later date.
In the case of just-in-time distribution the producer doesn’t know exactly who will use the
information and when. This is typically the case for general construction information. In
this case it is extremely important how the information producer stores the information, for
instance what kind of reference information he provides the information with. Libraries,
document management systems and the World Wide Web are good examples of
mechanisms used for this type of information distribution.
In just-in-time distribution the producer of the information needs to perform the following
tasks:
• Format the information in a form suitable for storage
• Define the reference information which helps later retrieval
• Store the information and the reference information.
The SADT diagram covering both these options is shown in figure 7.
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Formatted information

File naming conventions, etc.

Format
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Information
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Store original

Localized
information
source

Available
information
O2

A142
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A143

Copies
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A144
Distribute
copies

Distributed
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A145
M1
Document management
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M2
WWW

Copying machine, etc. M3

M5 Paper mail
M4 Email

Figure 7. The activities involved in information distribution.
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Let's look at just-in-time distribution more in detail. In order to make the presentation
easier to follow we will look at the same example as earlier, information about building
regulations. This case is interesting also because it’s a topic which over the last decades
has interested ITC researchers a lot [Vanier 1992].
The first step is naturally the work of defining the clauses of the building regulations and
over the years to maintain them (create information). The work is usually carried out as
committee work. Types of IT support which have been used at this stage include, the use
of expert systems techniques to analyse candidate regulations, authoring systems, etc.
The next step is to format the information in a form suitable for storage and reproduction.
Until now regulations have usually been formulated as text documents. Thus any IT-tools
which can be useful for publication work (word processors, more advanced type setting
software) can be of use.
Reference information is information which helps us find and retrieve the document we
need at some particular instance. In our particular case of building regulations the
reference information can for instance be information which tells us what type of a
building the regulation applies to, what parts of a country it is valid for, the building parts
it deals with (for instance air-raid shelters), etc. Often the organisation of building
regulations in clauses may be related to standard classifications of building parts, types of
performance under consideration (i.e. structural strength, fire resistance).
In earlier paper based systems storage of information required quite a lot of physical space
(drawing archives for instance). Today with new data base and hypermedia techniques, the
storage of the information is less demanding in terms of space, but more demanding in
terms of internal structure and safety requirements. If information about building
regulations is put on the world wide web, it needs to be formatted in the proper way
(HTML) and stored on a reliable server computer which is efficient enough to offer
reasonable access times.
In earlier days the reproduction of information in paper form was quite costly, since
building regulations had to be printed in large numbers. One technology which has been
tried out on building regulations is CD-ROM. In France CSTB has condensed 15000 pages
worth of regulatory information to one CD. Obviously the cost of this is far less per copy
compared to the paper based equivalent.
For paper based regulations the active dissemination of information may include mailing
of books or leaflets directly to end users or to book stores. The same is true for CD-ROM.
In the case of World wide web or data bases services the cost can be is radically reduced.
Synthesis of the INFOMATE model
Above a rather abstract model of information management has been presented. It defines
generic information management tasks from a viewpoint which could be called
"information logistics".
Both communication, information retrieval and information distribution are by their very
nature integration activities and can today be well supported by IT-tools. They involve the
transfer of information over either physical distances or time intervals. Communication
emphasises spatial integration (basically creating a situation which resembles a traditional
meeting) whereas information retrieval and distribution put more emphasis on integration
over distance in time. Storage technology and formalised methods of retrieval are central
aspects to the latter two activities.
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The information management (and also material handling) activities of the building
process are traditionally modelled in a different perspective from what has been presented
above, following the steps of the building process as they are generally perceived by
construction professionals. Typical activities include inception, briefing, schematic design,
procurement, construction, delivery, use, maintenance, demolition. Often such models
aggregate information processing and material activities or creation of new information
activities and retrieval activities in a way which makes it impossible to clearly distinguish
between the kinds of generic information activities which the information logistics
viewpoint emphasises.
We get an interesting model if we combine our information logistics model with a
traditional model of the construction process phases in an orthogonal way. This means that
any activity in the construction process model (i.e. the detailed design of the structural
members of a building) can in principle contain any tasks from the "Information logistics"
model. We could visualise the resulting model as a matrix where the rows correspond to
the categories from the information logistics model and the columns correspond to the
phases of the construction process. This is illustrated by figure 8 below. Ideally this matrix
should be rather large, including around 20 generic activities on the one hand and a much
more detailed breakdown of the construction process on the other.

Generic
activities

Construction life-cycle stages
Briefing

Information
process
activities

Schematic
design

Detailed
design

Construction

Operation
and use

Decommissioning

Communication
Creation of
new
information
Information
search and
retrieval
Information
distribution

Material
process
activities

Factory
production
transportation and
storage
site
production

Figure 8. Basic structure of the INFOMATE framework.
Note that this model is quite general and independent of the use of IT-tools. The model
thus applies equally well to the situation in 1960 or in the year 2000. Using this model we
can nevertheless illustrate the importance of different types of IT-support for making the
overall process more efficient. Generic IT technologies such as word processing or data
bases support information logistics activities regardless of construction process phase
(rows). Specific IT construction applications can be pinpointed more precisely to particular
columns or even selected cells in the matrix.
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Definition of level of IT-use in construction
The framework should be further amended by adding generic categories for material
activities such as fabrication in factories, storage and transportation of material, on-site
activities. A tentative diagram is shown in figure 7 (these categories were also included in
the matrix above).
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I1

Physical impulses
(light, heat, pressure, sounds)

Building materials

Factory
production

O2

Energy
A31
I2
Raw materials

Transportation
and storage

I3
Products

Building materials on site

A32

Transportation equipment
On-site
construction
O1
A33

Buildings and products

M1
Machines and tools

Figure 7. A subdivision of the material activities of the construction process
Against this extended framework the total effects of the use of IT in the construction
process consists of primary effects and secondary effects. Primary effects are effects where
the use of IT makes information activities (creation, retrieval, delivery and
communication) more efficient. Increased productivity in the drafting work due to CADsystems is a good example. Secondary effects are where the use of IT in information
processing activities makes the material handling activities more efficient, for instance by
reducing inventories, decreasing the amount of rebuilding due to contradictory design
information, providing buildings that consume less energy, etc.
Using the framework we could imagine a cost breakdown of an average construction
project. Such a breakdown could for instance specify that 1,3 % of the overall cost is
attributable for information search and retrieval activities during the schematic design
stage or the 15,4 % of the costs are related to the transportation and intermediate storage of
building materials during construction. These figures are of course purely hypothetical. A
very bold assumption could be that in the order of 50 % of the total costs of the
construction process are due to information activities.
Conclusions
A framework such as this could be very useful for discussing general ITC issues. Some
examples on this include:
• The model defines the use of IT tools to support the information process from a purely
functional viewpoint, making technologies as diverse as the copying machine and
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product models comparable. What matters is the overall effect each technology has on
the process.
• The model provides a possible framework for measuring the effects of IT investments.
In order for this to be possible, methods for measuring the activities (or resource use) in
the framework would need to be developed.
• The model provides a framework for positioning diverse ITC research topics quite
precisely. For instance the role of product models, Web versions of building regulations
can be identified.
Some directions for further work would involve:
• Developing a more detailed classification of the create information activity. This could
include a division into synthesis (i.e. creating a new solution) and analysis activities
(analysing the consequences of a solution), and a division into design (plan the end
product) and planning (plan the activities of the process).
• Developing further a model of the material activities. Examples could be prefabrication
in factories, storing material, transporting material, on-site construction work. The
factor that triggers such a classification is the types of machinery and skills needed for
each category
The development of this framework is still in its early stages, but the author feels that a
forum such as the 1997 CIB W78 workshop offers a good opportunity to present it to a
hopefully receptive audience. The original impulse for this model came in 1994 through
the need to develop a comprehensive IT in construction course for fourth year civil
engineering students. After that the model has slowly grown more complex and has been
discussed with several collegues. The feedback and impulses provided by Ziga Turk as
well as the assistance of Vesa Karhu in producing the SADT diagrams are in particular
acknowledged.
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