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Chapter 1V

Information Technology
in Construction: How to
Realise the Benefits?

Lauri Koskelaand Abdul Samad Kazi
VTT Technical Research Centre of Finland, Finland

ABSTRACT

Advancement in the utilisation of computers has, in recent years, become a
major, even dominating research and development target in the architecture,
engineering and construction industry. However, in empirical investigations,
no major benefits accruing from construction IT have been found. Why do the
many IT applications, which when separately analysed seem so well justified,
fail to produce positive impacts when the totality of the construction project
is analysed? The objective of this chapter is to find the explanation for this
paradox and to provide initial guidelines as to what should be done to correct
the situation.

INTRODUCTION

Advancementintheutilisation of computers in construction has inrecentyears
becomeamajor, even dominatingresearch and developmenttarget. Thisis clearly
reflected inthe number of related research undertakings, published scientific papers
and ineducational curricula. There are numerous conferences specifically address-

Copyright © 2003, Idea Group, Inc.
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ing construction computing and integration issues. This Zeitgeist may well be
illustrated with the following quote from an editorial of the ASCE Journal on
Construction Engineering and Management (Farid, 1993, p.195):”The pro-
ductivity and competitiveness of the construction industry can only be improved
with thetransferand implementation of computing and otheradvanced technologies.”

Although the ground for this optimism s seldom explicitly stated, itis easy to
understand it. We all are using software, for word-processing, spreadsheet
calculation or drawing, that clearly makes us more productive. Sending a letter by
e-mailis speedier and less costly than using conventional mail. Indeed, there are
countless informationtechnology (IT) applications which, when the task it supports
is only considered, seem to be perfectly efficient and to promise a major
productivity increase.

Onthe otherhand, investigations into the actual impacts of IT in construction
reveal anotvery flattering picture. Especially regarding site construction, theuse
of information technology has not brought any major benefits—on the contrary, itis
claimed that the impacts may have been negative. Thus, the rhetoric and visions
associated with construction I'T have turned out to be alarmingly distant from the
reality of construction I'T usage. Why do the many IT applications, which when
separately analysed seem so well justified, fail to produce positive impacts when the
totality of the project, firm or industry is analysed? The objective of this chapteris
to find the explanation for this paradox and to provide initial guidelines as to what
should be done to correct the situation.

BACKGROUND
The Baseline

Itis interesting that communication in the construction industry has been
analysed from asocio-technical angle before the wide introduction of computers
intothisindustry. Inapioneering study carried outby the Tavistock Institute (1966),
characteristics of the structure and functions of the industry were empirically
analysed. The overall approach was to consider building from acommunications
pointofview. Interdependence and uncertainty were found to be the two important
characteristics of construction. It was found that the building industry depends to
a large extent on the application of an informal system of behaviours and
managementto work adequately. Astherootcause of problems, the disparity of
the characteristics of the formal and informal systems inrelation to the needs of the
real task with which they are concerned is put forward. The formal system
(contracts, plans, etc.) does notrecognize the uncertainty ofand interdependence
between the operations of the building process. On the other hand, the informal
system of management is geared towards handling uncertainty and interdepen-
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dence, butit produces aclimate of endemic crisis, which becomes self-perpetuat-
ing. Furtherresearch on designing organizational forms with less uncertainty and on
tools forcoping with interdependency, especially indesign, was suggested (Tavistock,
1966). Itisunfortunate that this research was not continued.

Use of Information Technology in Construction

Mechanization of intellectual work by means of computers started inthe 1960s
(Grierson, 1998). Computers are now widely used for automating and supporting
various tasks in construction. Increasingly, computers are also used for supporting
and automating the information flows that integrate these tasks. However, as yet
noreal computer-integrated construction has evolved (Laitinen, 1998). This stems
from the reality thatthe construction business in general involves the temporary
convergence of core competencies from different players to deliver a unique
product, thebuilding. Eachindividual playeruses his/her specific I T tools to facilitate
his/her specific work objective. Consequently information sharing through IT
between different players is in essence anightmare (Kazietal.,2001).

Impacts of Information Technology in Construction

What, then, have been the impacts of I'T in construction? A number of studies
have been carried out recently in order to answer this question. Howard et al.
(1998) found high levels of benefit from construction IT in design and administration
in Scandinavia, while management applications have resulted in little change.
Especially, contractorsreported little change in productivity resulting frommaterials
or site management. Similarly, in their study on construction IT in Finland,
Enkovaara et al. (1998) found that for contractors, IT had not produced any
benefits, whereas in subcontracting and client procurement activities, I'T benefits
werenegative, i.e., the benefits accrued have not offset the costs. A similar study
in Canada (Rivard,2000) comes to largely similar results. According to it, most
benefits have been in the areas of general administration, design and project
management. These benefits accrue to the fact that the number of mistakes in
documentation have decreased, and the quality of documents and the speed of
work have both increased. On the other hand, the complexity of work, the
administrative needs and the costs of doing business have increased. Itis concluded
that the benefits of information technology come at a cost. Also Gann (2000)
observed thatin many firms, [T-related investment and training costs had been
higher than the expected benefits.

Perhaps the most systematic study into the benefits of I'T in construction is that
of Thomas (2000), where outcomes 0f 297 projects (primarily heavy industrial)
were studied. The outcome variables addressed cost growth, duration, schedule
growth, safety, fieldrework, changes and otherissues. Projectdata originating from
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owners and contractors were analysed separately. Projects were divided into four
classes according to the level of use of information technology, where the first
represented the highest use and the fourth the lowest. It is concluded that both
owners and contractors can expect overall projectand construction cost savings.
Letus consider inmore detail the results for owners, who represented the largest
category inthe sample. For owners, the project cost savings due to moving from
the fourth class to the first class are 0.8% and the construction cost savings
correspondingly 3.9%. However, theresults indicate a costincrease of 7.3% when
proceeding from the fourth class to the third class. Also many other variables
showed deterioration when the third class is compared to the fourth class. In fact,
from the total 20 variables considered, 11 were worse after the introduction of
information technology, while one remained the same (Figure 1). Thomas inter-
preted this as that the question is about performance penalty for the learning curve
effect—costand schedules are impacted when project team members experiment
withnew technologies.

Factually, Figure 1 reveals thata transition towards more use of information
technology regularly leads to deterioration in a considerable number of variables,
while remaining variables show improvement or no change. Theseresults provide
more evidenceto the finding thatinformation technology, while providing benefits,
alsohas detrimental impacts. However, in contrast to Thomas’ view, we contend
that such detrimental impacts are not only related to the initial introduction of
informationtechnology. When variable values for the second and the first classes
are compared, itturns outthatonly 11 variables improve, whereas 10 variables get
worse when use of information technology increases. Thus, it must be added that
alearning curve effect seems to operate also when advanced information technol-
ogy isintroduced, thatis, in the opposite end of the IT usage scale. There seems to
be atrough-shaped occurrence of IT penalties.

A troubling finding in Thomas’ (2000) study is that increased use of IT by
contractors is associated with a clear decrease of safety. Also, increased IT use
seems not to help contractors to speed up projects; in contrary, aminor slowing
down can be perceived. For owners, change costs and field rework cost were
negatively impacted when IT use increased. On the other hand, owners could
achieve schedule compression throughincreased IT use.

The lack of impact of information technology on capital projects is also
illuminated by arecent study of the Business Roundtable (1997), which defines the
universal characteristics of best capital project systems, based on benchmarking
a great number of projects. Whether these characteristics are used or not has
a definite impact on the profitability of the project. The best company
transforms a 15% return on investment (ROI) project, based on average
performance, into a 22.5% ROI project, while the poorest performers corre-
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Figure 1: The number of improving, deteriorating and unchanged variables
when the use of information technology is increased in construction projects
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The 4" quartile of projects is using information technology least and the 1%
quartile most. The column title, say “4"-3”, refers to the differences in variable
values when one quartile (the 4") is compared to another quartile (the 3. The
impacts were assessed by means of 21 variables. Original data, originating from
owners, is from Thomas (2000).

spondingly end up ata 9% ROI. The characteristics were organisational or
managerial; information technology was not among them. In other words, it
seems that it has not been possible to create competitive advantages through
IT utilization alone.

Allinall, the empirical investigations give a confusing picture. Surely itis
disappointing to find that considerable investments into the use of information
technology have rendered only a costreduction of 0.8%, especially whenitis well
known that the same impact—and actually considerably bigger—could be achieved
through other, apparently less expensive means (as pinpointed in the study of the
Business Roundtable, mentioned above). However, it has to be noted that the
studies into I'T impactin construction are still scarce, and there are considerable
methodological problems related to them. Thus the results should be treated with
caution. Alltold, thereis yetno empirical justification that information technology
would contribute to breakthrough changes in the performance ofthe AEC! sector,
ashasbeen suggested by the mainstream thinking.
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Why Is the Impact of Information Technology so Lacking?

Various reasons have been offered as an explanation for these disappointing
results. Commonly presented reasons include the low maturity of organisations in
constructionregarding ITuse (Enkovaaraetal., 1998) and barriers provided by the
peculiarities of construction, especially fragmentation (Brandonetal., 1998). However,
wecontend thatthereare deeperreasons for this lack of intended impact ofinformation
technology in construction. Thesereasons willbebest presented whenembeddedinthe
historical developmentofthe modes ofthinking about computing in construction.

The Conventional View on Computing

Attherisk of oversimplification, itcan be argued thatthe underlying conceptual
framework (or mental model) of construction computing has been as shown in
Figure 2. Information technology implementation leads directly to benefits and
improvement in construction. This corresponds to the general approachto theuse
ofinformationtechnology, largely prevalent still atthe beginning ofthe 1990s. As
formulated by Schrage (1997), the rationale of this thinking may be briefly
crystallized as follows: iforganizations only had greater quantities of cheaper, faster
andmoreuseful information, they could increase their profitability and enhance their
competitive position. Theunderlying logicisthatI'T makes certain activities more
costeffective,and—according to thelogic of conventional accounting—the total costs
are consequently reduced.

Unfortunately, ithas been found thatthere is a productivity dilemma generally
regarding [T investments: ithas been difficultto find evidence formajor productivity
impacts contributed by the informationtechnology (Gibbs, 1997). A new study by
the McKinsey Global Institute (2001) gives further support to the belief that
investments into information technology have not significantly contributed to
productivity increaseat the level of the national economy. There have been several
explanationsto this lack of economy-wide impact.

Firstly, Strassmann (1997) has provided extensive justification for the argu-
ment that I'T investments have simply been poorly managed. Decisions on IT
investments have factually been delegated to technical experts, and the level of
scrutiny applied to other investments has not been applied.

Secondly, Davenport (1994) has argued that, in simple terms, the underlying
view oninformation technology, as presented above, has developed to abottleneck

Figure 2: Underlying conceptual framework of construction information
technology (inspired by Davenport, 1993)
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initself due to its excessive focus on technology, rather than the context of its
application. Whatis needed is better understanding of the organizations that use
technology, rather than the understanding of information technology and its
potential. Of course, this is the basic argument of the socio-technical approach:
technical and social systems should be jointly optimised (Munkvold, 2000).

A third explanation is related to the situation, typical in the sphere of
production, where the majority of costs have their origin in physical processes,
rather than information processes. By improving information processes, we hope
toimprove the physical processes. Unfortunately the impact on physical processes
isindirectonly, and strong causal mechanisms leading to benefits arenot necessarily
present. Ifthe physical process is in a constant chaos, information technology as
suchrarely helps. In fact, in the context of manufacturing, ithas been observed that
Computer Integrated Manufacturing acts as amagnifying glass: itmakes the good
productionsystemmuch better and itmakes the poor system much worse (Melnyk
& Narasimhan, 1992).

A fourth explanationis related to the way we have been thinking about costs.
AsJohnsonand Kaplan (1987) have shown, the traditional way of thinkinghas been
thatcosts are caused by direct work. Thus, by providing IT thathelps employees
to carry out their work activities, we canreduce costs. However, as activity-based
costaccounting has shown, overhead costs especially are caused also by many
othercostdrivers thandirect work, and ifinformationtechnology isnotaddressing
the costdrivers in question, the impact of IT atleast cost-wise will fall short.

Letusinvestigate whetheritis possible to find indications about the occurrence
ofthese explanative mechanisms in construction. Firstly, like in general business,
construction IT investments have notbeen based on careful calculations. Inastudy
on American AEC firms, itturned out that 75% of the firms had never tried to figure
out the return on investment for information technology spending (Engineering
News Record, 1997). Similarly, a British study concluded that formal cost benefit
analysesarenotwidelyusedtoassess possibleinvestments ininformationtechnology
(Churcheretal., 1996). The findings of Enkovaaraetal. (1998), thatinmany cases the
level of personnel competence or the degree of structured data have not corresponded
tothoserequiredby anIT application, also pinpointto managerial problems.

Secondly, Gann (2000) lists a number of reasons that are related to the
arguments provided by Davenport. In most cases, systems were introduced into
traditional organizational structures that hindered the ability to achieve widespread
benefits. Incomplete and inconsistent datasets and a lack of explicit, codified
knowledge hampered the development of IT systems. Often, the low level of trust
between organizations prevented the use of inter-organizational I'T networks.

Thirdly, the fact thatbenefits have been very modestin contracting, whereas
more substantial benefits have been achieved in such information-related areas as



Information Technology in Construction 67

designand administration, pointto the explanation that itisnotnecessarily easy to
influence physical processes, such as work flows or material flows, by means of
information processes. Applebaum (1982) provides aninteresting analysis ofthe
introduction ofup-to-date computer methods and alarge, bureaucratically organised
management team to the construction project. He describes the resulting situation
asfollows: “...wehave virtually two separate organizations; one for the management
function and one for getting the work done. The two organizations do not
coordinate their work, and they are characterized by different goals and view-
points” (p.229). Pietroforte (1997) also finds that the demands of fast-tracking
furtherincreases the dislocation between the pattern ofroles and rules predicted by
standard contracts and the one that emerges from practice. In other words, the
observations made by the researchers ofthe Tavistock Institute, referred above,
havenotlosttheir validity. Itis easy to conclude that the use of computers in formal
managementis bound to be oflittle value for informal management, which actually
gets the work done.

Fourthly, it is widely known that a substantial share of costs and time in
construction are contributed by non-value-adding activities (Koskela, 2000),
caused primarily by poor coordination of tasks. Information technology that has
beenprimarily addressing individual tasks cannotinfluence these costs substantially.
Incontrary, information technology may even increase non-value adding activities.
Indeed, givingus arare glimpse on whatactually is happening in design, Sverlinger
(1996) observed that half of the disturbances in design are due to design
organizations themselves, rather than the design process in question. Furthermore,
he found that design tools are the most frequent cause of internal disturbances in
design firms. Most design tools were computer-based.

Thus, the generic mechanisms that have diminished the impact of the use of
information technology in general seem to have operated also in construction. The
conceptual model of IT implementation has simply been too shallow and insufficient,
leading to several kinds of misplaced conduct.

Re-Engineering View on Computing

Next, itisnecessary to discuss re-engineering, which has been proposed as
asolutiontoatleast some of the problems ofthe use of information technology, as
treated above. The idea of business process re-engineering (or redesign) was
developed during the study ofthe impact of I'T on organizations by MIT. Business
processredesign was defined as one of five levels of IT-induced reconfiguration of
organizations (Venkatraman, 1991). It was stated that our current principles of
organizationare geared towards exploiting the capabilities offered by the Industrial
Revolution. Itwasargued thatthe IT revolution could alter some of these principles.
Anotherarticle by participants in the study mentioned (Davenport & Short, 1990)



68 Koskela & Kazi

illuminates which kind of new principles were thinkable. However, it was only the
article of Hammer (1990) and the subsequent book (Hammer & Champy, 1993)
thatsparked the interestin reengineering. Business process reengineering (BPR)
was developed into a consulting package and became a buzzword. The first
examples of BPR were from administration and services, and this focus prevailed,
butalsomanufacturing companies started their re-engineering initiatives. However,
towards the end ofthe 1990s, the fashionability of re-engineering waned, and it was
increasingly discussed critically (Mumford & Hendricks, 1997).

Inre-engineering, itis acknowledged that information technology applica-
tions do not directly contribute to benefits, but through the intermediation of
information processes (Figure 3). Information (or material) processes may
restrain or amplify the effect of information technology. Inre-engineering, the
interest is especially focused on the cases where information technology
enables anew, widely superior process design (for example Hammer, 1990;
Davenport & Short, 1990; Rockart & Short, 1989). According to Hammer,
recognizing and breaking away from outdated rules and fundamental assump-
tions is thekey issue inre-engineering.

The approach ofre-engineering solves at least part of the shortcomings ofthe
conventional view oninformation technology, as discussed in the previous section.
The focusis turned from information technology as such, to changing information
processes. However, one cannot be fully satisfied with re-engineering as a
foundation: itisratheramanagementrecipe (Earl, 1994), lacking an explicittheory.
One critical shortcoming is that the concept of process, central in the reengineering
rhetoric, hasnotbeen precisely defined. Koskela (2000) has argued that the term
of process has been interpreted in three different ways, each leading to a different
setof principles and practices. Historically, the first interpretation was that the
questionis ofatransformation process. Actually, this has been the definition of the
term process inreengineering literature (Garvin, 1998). However, the prescription
of reengineering has been more focused on a second interpretation, where one
holds processasaflow.Indeed, closereading of the seminal re-engineering articles
and books reveals that what were considered as problems to be addressed were
dysfunctionalities caused by the transformation concept, like excessive buffers,
fragmentation and inadequate feedback along chains. What wasrecommended as
asolution were process design principles or solutions emanating from the flow
concept, augmented with I'T capabilities. The third interpretation views a process

Figure 3: Underlying framework of re-engineering (Davenport, 1993)
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asvalue generation. Althoughnotsystematically applied, even this interpretation
is frequently mentioned in the rhetoric of re-engineering.

The other critical shortcoming of re-engineering is thatitaddresses only the
design of processes. Instead, how the re-engineered process should be controlled
and improved s largely left outside the focus. Ifthe improvement potential lies in
the ways control and improvement is carried out, it will remain untapped in are-
engineeringinitiative.

Interestinre-engineering has rapidly increased in constructionresearch and
practice (Betts & Wood-Harper, 1994; Ibbs, 1994). Indeed, re-engineering has
to some extent shown the way towards a more effective approach to information
technology. However, the interest in construction reengineering waned towards the
end ofthe 1990s, asitdid in other industries. On the other hand, similar initiatives
are being carried out, butunder different banners.

One ofthe most popular ways of re-engineering construction has been the
design-build (DB) mode ofrealizing a construction project. Evenifinformation
technology does notnecessarily play any prominentrole in the executionofa DB
project, itis interesting to consider this initiative for the sake of comparison. InaDB
project, the client gives, in a single contract, the execution of both design and
construction to one company (usually contractor) thathas the freedomto integrate
design and construction in asuitable way. The performance of the design-build
delivery systemin comparisonto other major delivery systems has been studied in
two recent studies in the U.S. and UK (Konchar & Sanvido, 1998; Bennett,
Pothecary & Robinson, 1996). The results indicate that statistically, the design-
build process outperforms the traditional design-bid-build (DBB) process in
several respects; however, the differences are not great. The U.S. study finds DB
tobe 6% less costly than DBB, whereas the UK study estimates that DB is 13-32%
less costly than DBB (however, these figures have been calculated in incompatible
ways and itis difficultto draw general conclusions from them). It can be noted that
suchan impact of an organizational solution outweighs the impacts of the use of
information technology, discussed above.

A Suggested View on Construction Computing
With which conceptual framework, then, should we equip ourselves when

wanting touse [T in construction? An interesting direction is given by Fenves
(1996). Hecalls forasciencebase of application of information technologies incivil
and structural engineering. According to Fenves, one component ofthisscience
base would deal with the understanding of the processes of planning, design,
management, etc., thatengineers use:

“...weneedtoagreeonanintellectual framework, inorderto createascientific

understanding orabstraction of engineering processes inpractice.” (p. 5)
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This canbe interpreted as follows: the bottleneck in construction computing is
not due to a deficiency in information technology in general or its specific
applications, butto a deficientunderstanding of construction. Thus, what Fenves
wants to add to construction computing research is an understanding of operations
in general and of construction specifically. Information technology solely cannot
cure the fundamental problems of construction—only better theories and concepts
can, and supportcanbe given by information technology. Itis proposed to structure
thisissueasillustrated in Figure 4.

Hereitisexplicitly acknowledged thatall three factors—(emerging) generic
operations management principles, understanding of construction peculiarities (and
their implications, such as decentralized organization and informal decision-
making)—and information technology—may bring about changes in informationand
material processes. These three approaches interact with each other, and they may
amplify orrestrain each other’s influences to information and material processes. In
other words, the introduction of computers to construction does not qualitatively
provide anythingnew fromthe point of view ofthe theoretical analysis of production
systems: computing is worthwhile only as far as it can contribute—better than
alternative means—to the realization of the principles of production.

The way changes and benefits emerge in construction is dependent on the fit
between interventions emanating from these three fields as depicted in Figure 4. Let
usillustrate this through examples.

Thereare three channels through which information technology can contribute
to changes in information and material processes in construction. Firstly, informa-
tiontechnology may directly change processes, by mechanising or supporting tasks
carried outby people. Secondly, information technology may contribute to the

Figure 4: The interrelationships between operations management,
understanding of construction and information technology
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realization of a certain operations management principle. A central theme in
modern operations management is that variability should be reduced in produc-
tion (Hopp & Spearman, 1996). Excessive variability is a chronic problem of
construction. Thus, itisrequired to search for computer-based means for the
reduction of variability. One example is provided by three-dimensional CAD
design, where possible geometric interference of components designed by
different designers—a problem stemming from construction peculiarities—is
automatically avoided. Thirdly, information technology may be used for elimi-
nating the problems associated with construction peculiarities. One such
problem is the scarcity of learning based on repetition in construction—
practically all buildings are one-of-a-kind. However, this problem can at least
partially be remedied through computer simulation and visualization of the
product and process of construction.

Onthe other hand, the principles of operations managementand the construc-
tion peculiarities providea constraint for information technology. Firstly, informa-
tiontechnology should not deteriorate the realization of operations management
principles. Forexample, variability should not be increased by the introduction of
informationtechnology. Unfortunately, evidence shows that the various I'T prob-
lems, like machine, software and communications breakdowns, and deficient skills,
areaconsiderable source of variability. Thus, the background variability ofthe IT
infrastructure should be reduced. Secondly, the peculiarities of construction, such
as one-of-a-kind product, site production and temporary organization, and their
implications, provide a challenging environment for information technology, and
solutions fitto this environment should be aimed for. This means, among other
things, that I'T applications should support the communication of uncertain and
qualitative information that characterises the design process (Pietroforte, 1997).

Itfollows thatunderstanding andutilization of the interactionsamong the generic
operationsmanagementtheory, constructionpeculiarities and capabilitiesof computing
aremostimportantinthe successfuladvancementof IT in construction.

CONCLUSIONS

Unfortunately, the analyses made indicate that there are no quick fixes
regarding the possibilities for increasing the benefits accruing from the use of
information technology in construction. Increased understanding leads to the
conclusionthatthe use ofinformation technology is an extremely complicated issue
thatwe have only started to grasp. However, five areas of improvement become
apparent. Firstly, we, both as practitioners and researchers, have to reject the
deeply ingrained notion that information technology initselfbrings about benefits in
construction. Rather, the effects of information technology are intermediated
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through information and material process, which can—and should—be improvedalso
by other means. Secondly, the firms inthe AEC sector should try to get their I'T
investments into control. Sound managerial principles should be used along all life
cycle phases of an IT project. Especially the implementation phase has to be
emphasized, foravoiding detrimental impacts. Joint consideration of the technical
and human part ofan information systemis one important precondition for success.
Thirdly, inthe development of new information systems for construction, more
emphasis should be placed on how organizational and managerial changes can
effectively be supported by information technology, rather than only holding IT as
the major driving force that necessitates organizational changes. Fourthly, regarding
scientific research, there is a need for a reintegration of research addressing
construction computing withadvanced constructionmanagementresearch focusing
onnew organizational and managerial solutions. Recently, the research on con-
struction computing has increasingly emerged as adiscipline inits own—somewhat
untimely, as integration torelated fields would rather be needed. Fifthly, construc-
tion computing research, addressing up till now mostly the development of new
concepts, methods and tools, should adopt empirical research into its methodi-
cal arsenal. How are information systems developed and implemented in
practice? Whatactually happens when people are using information technology
in construction?

ENDNOTES

1 Architecture, Engineering and Construction
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