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Abstract

Information is the cornerstone of any business process. It is not surprising, therefore, for information technology (IT) to
emerge as a key enabler that changes the way business is conducted. During the last decade or so, significant productivity
improvements experienced by a wide range of industries have been associated with IT implementation. IT has provided these
industries with great advantages in speed of operation, consistency of data generation, accessibility and exchange of
information. This paper details an empirical investigation of users’ perceptions of a web-based communication tool adopted on
a large construction project. A questionnaire-based research approach was adopted for this purpose. The questionnaire aims to
solicit user perceptions of web-based communication to highlight its role in enabling improved project information management
and business relationships, compared to the prevailing business-as-usual level.

© 2003 Published by Elsevier Science B.V.
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1. Introduction

The majority of construction business processes are
heavily based upon traditional means of communica-
tion such as face-to-face meetings and the exchange of
paper documents in the form of technical drawings,
specifications and site instructions. The need to
increase the efficiency of these processes via exchang-
ing massive volumes of information at high speed and
at relatively low cost has been long recognised by the
industry [1]. However, the use of information tech-
nology (IT) in construction has not progressed to the
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level that can be seen in other industries [2]. This is
due to a number of historical, industrial and market
forces that perpetuate the industry’s culture, thus
affecting the extent of IT adoption in day-to-day
business processes [3].

Defining the scope and boundaries of the use and
performance of IT in construction is difficult due to
the relatively limited amount of detailed research that
has been carried out in the field [4]. To many, IT in
construction encompasses the use of all electronic
means of information transfer (computer networks,
local area networks LANs, Internet, mobile phones,
faxes, etc.) Others see IT as the use of the latest
technology, such as, knowledge-based systems,
computer-based decision support systems and
object-orientated CAD, while others see it as part of
management strategies and concepts of concurrent
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engineering, just-in-time production and process re-
engineering. This diversity has led to a number of
different IT definitions. This paper adopts an infor-
mation-centric definition that encompasses the use of
electronic machines and programs for the collection,
processing, storage, transfer and presentation of infor-
mation. This is to demonstrate the key role IT plays in
improving the effectiveness of communication and
information exchange in the context of managing a
construction project.

As international competition continues to intensify,
significant numbers of construction organisations are
strategically investing large amounts in IT as they
seek to gain competitive advantage [5]. Despite the
well-documented high expectations of improved
responsiveness, efficiency and control of construc-
tion-related business operations [6], many of these
organisations are dissatisfied by their IT investments
[7]. This dissatisfaction is in part due to the difficulty
in measuring operational benefits [8] leading to some
concerns about the payoff from investments in IT [9].
In an attempt to evaluate IT-induced improvement on
construction projects, this paper details the results of
an empirical investigation about users’ perceptions of
a web-based tool used, for the first time, to instantly
share, visualise and communicate project information
between project participants. The developed question-
naire survey aims to gauge the interests of key stake-
holders (e.g. managers, engineers, architects,
employees, etc.) across five IT-related performance
perspectives. Each perspective consists of a diverse
set of identifying questions (items) that focus on
individual aspects where IT-induced improvement
may arise.

2. Information exchange in construction projects

The need for improved project communication is a
widely documented issue in the construction industry.
To facilitate the management of project information
and address project communication requirements, a
number of IT tools have been used with the aim to
maximise benefits and reduce cost for the entire
project team. The key to project information manage-
ment, though, consists of the information flows asso-
ciated with inter-organisational communications [10].
As a result, a core issue is the effective management

of information, both in the form of information flows
that permit rapid inter-organisational transactions
between project participants, and in the form of
information accumulated, coded and stored in firm
database structures.

The construction industry has for many years
suffered from difficult-to-access, out-of-date and
incomplete information [11]. Until the very recent
past, it would have been inconceivable to electroni-
cally control and direct information flows in construc-
tion. Documents can now be produced and transmitted
instantaneously by digital transmission at fractions of
their previous costs. Electronic Data Interchange
(EDI) permits computers and information systems to
communicate directly with other computers, strength-
ening joint operations among organisations. Unfortu-
nately, the effectiveness of utilising IT in a
construction project could be hindered by the inability
to share data in electronic form between project
partners. Although it is not practical to expect com-
patibility between all information systems in the short
term, there should be more focus on the standardisa-
tion of interfaces between the different systems. IT
tools should be able to exchange digital information
with other applications/systems using appropriate data
exchange standards [12].

At the project level, which is the basic operating
level in construction, project information is usually
considered as the processed and presented data in a
given situation, and is the data that enable effective
action [13]. Information produced by many sources at
many levels of abstraction and detail and retained by
the creator of that information contributes to fragmen-
tation of the industry [14]. Therefore, timely and
accurate information is important for all project par-
ticipants as it forms the basis on which decisions are
made and physical progress is achieved. Wasted time
and cost in construction projects can be traced back to
poor coordination caused by less than optimum infor-
mation handling and exchange, inadequate, insuffi-
cient, inaccurate, inappropriate, inconsistent, late or a
combination of them all [3].

Traditionally, project Information Exchange (IE)
between designers and contractors has been mainly
based on paper documents [15]. These documents
come in the form of architectural and engineering
drawings, specifications, and bills of quantities and
materials. This practice is far from being satisfactory,
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with research showing that about two-thirds of the
construction problems being caused by inadequate
communication and exchange of information and data
[16]. Research [17] has also noted that 85% of
commonly associated problems are process-related,
and not product-related. These findings explain the
growing awareness of the value of IT to bring together
the major parties in the construction process, and
share project as well as industry information in a
meaningful way.

The relationship between construction project par-
ticipants is normally complex and involves many
parameters that extend across technical, functional,
business and human dimensions. As a result, attention
and focus must be given to the intensive collaboration
among project participants to synchronise both the
input and output of the supply chain. Undoubtedly, a
key enabler to successful collaboration is the ability to
communicate, and share and exchange project infor-
mation in a timely and accurate manner. A recent
European survey [18] has highlighted the need for
electronic sharing of information between Large Scale
Engineering (LSE) clients’ information systems and
those of:

* Funding bodies in the areas of finance and
accounting;

¢ Consultants in the areas of modelling and calcu-
lations;

* Project Managers in the areas of project planning
and QA systems and documents control;

* Contractors in the arecas of CAD drawings,
materials procurement, project planning, QA
systems and documents control, and communica-
tion systems; and

e Suppliers in the area of materials procurement.

Since the Internet is a worldwide system for
exchanging and distributing free-format information,
it is regarded as an ideal platform for building up
Information Systems [19]. The growth and wide use
of the Internet generally for electronic commerce and
for communication provides a valuable tool in the
areas of information sharing, file transfer, communi-
cation and reporting on associated tasks. A number of
organisations have utilised the Internet in the manage-
ment of construction projects, though empirical evi-
dence is scarce.

3. Framework perspectives

In recent years, some attempts have been made to
examine the strategic implementation and performance
evaluation of IT in construction. Pena-Mora et al. [7]
and Jung and Gibson [20] developed two independent
frameworks, which comprehensively cover the strate-
gic IT implementation and planning aspects, but failed
to address the critical aspect of post-implementation
performance evaluation. Based on a comprehensive
literature review, Andresen et al. [21] presented a
framework to be used in assessing ways in which IT
can benefit business processes. The framework com-
pares estimated potential benefits to actual measured
benefits obtained from implemented IT tools. Although
the framework captures the complete spectrum of
efficiency, effectiveness and business process benefits
derived from IT implementation, it provides no answer
as to how to combine those three different types of
benefits, and most importantly, fails to recognise the
difference in perceptions of participants estimating
benefits and those measuring them. A more recent
framework was proposed to evaluate the informational
(savings due to improved quality of project informa-
tion), automational (savings due to productivity
improvement and cost reductions) and transforma-
tional (value added through innovation) benefits of IT
in construction [22]. Although this particular frame-
work was mainly developed to swerve away from
considering subjective benefits evaluation, it utilises
probabilistic modelling and simulation techniques,
which are purely based on subjective data, to evaluate
informational benefits. Moreover, the framework fails
to consider the users perceptions of the IT-induced
benefits derived from implemented IT projects.
Another major shortcoming of this framework is ignor-
ing the enablers (i.e. user resistance, training and
technical support, management support, etc.) to achiev-
ing these desired benefits. A comprehensive review of
the above frameworks and other related IT performance
evaluation issues can be found in Hampson et al. [23],
Stewart and Mohamed [24] and Duyshart et al. [25].

In the absence of an IT performance evaluation
framework specifically designed for evaluating elec-
tronic data interchange, which is the focus of this
paper, the authors’ opted to adopt a questionnaire-
based approach to evaluate project-specific use of
web-based communication on a construction project.
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The questionnaire items were categorised into five
definable robust performance measurement perspec-
tives, which were developed, based on a critical review
of the IT business value evaluation literature [26—29].
These perspectives are as follows.

3.1. Operational perspective

The well-documented fragmented nature of the
construction industry requires this perspective to go
beyond an internal process focus and encompass the
diverse processes involving other project participants.
This perspective is mainly concerned with the integra-
tion of IT into the organisation and the role it plays in
process coordination and integration between the
organisation and its counterparts. The measurement
and evaluation of the newly coordinated/integrated
processes should yield useful data about the impact
IT has on the productivity and efficiency of these
processes.

3.2. Benefits perspective

The generic term ‘benefits’ goes beyond traditional
financial measures (i.e. NPV, ROI, IRR) to encompass
the many nonmonetary or intangible benefits derived
by IT implementation. This perspective investigates
the link between IT implementation and associated
tangible and intangible benefits experienced by the
organisation. Tangible benefits might include time and
cost savings, which are relatively easy to assess/
measure. However, intangible benefits are more diffi-
cult to measure and typically include nonmonetary
elements [30].

3.3. User orientation perspective

The term ‘user orientation’ has been adopted for
this perspective to include both the internal as well as
external customers (users) that are actively using the
IT application or its output. From the user’s perspec-
tive, the value of the tool is based largely on the extent
to which it helps the user do the job more efficiently
and effectively. This perspective covers issues such as
tool utilisation rate, availability of training and tech-
nical support and satisfaction with the tool. New IT
applications, not embraced by the user, will obviously
fail to provide value to the organisation.

3.4. Strategic competitiveness perspective

This perspective differs from the ‘benefits’ per-
spective by focusing on the long-term strategic goals
of the organisation and how the newly implemented
technology creates competitive advantage for the
future, e.g. potential for global cooperation, enhancing
organisational image and attracting more sophisticated
clients. This perspective is perhaps the most difficult
to quantify but has the greatest potential in the
information era. Strategic competitiveness is represen-
tative of management’s ability to instil the necessary
cultural change to embrace innovative technology.
Employees with the ability to adapt to an ever-
changing work environment will be more receptive
to new IT applications, which improve operational
efficiency.

3.5. Technology/system perspective

In addition to the above four perspectives, the
technology/system perspective was included to
encourage focusing on the technical elements of the
IT being implemented by the organisation. This per-
spective refers to the non-people side of the technical
system (i.e., hardware and software). This perspective
covers issues such as tool performance, reliability,
availability, security and suitability to the application/
process.

4. Developing questionnaire items

Building on the above description, the framework
should utilise project-, tool- and process-specific IT
questionnaire items designed to reflect the particular
aspects where IT implementation can improve project-
based processes performance. For evaluating the web-
based communication system under investigation,
potential indicators were initially extracted from gen-
eral management, construction management and IT
literature [5,30—34]. The outcome of this review has
led to a list containing a large number of potential
items, for each perspective, deemed to be applicable
in measuring IT-induced performance. Using industry
input, a further screening of this comprehensive list
was conducted to ensure validity, reliability and sig-
nificance of questionnaire items [10]. This has led to
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Table 1 Table 1 (continued)
Summary of responses Item Item Description Mean Standard
Item Item Description Mean Standard deviation
deviation My level of satisfaction with:
The IT tool has: Q24 The IT tool 3.57 1.06
Q1 Enhanced coordination 3.81 0.94 Q25 Level and frequency 2.52 1.25
between project participants of training provided
Q2 Reduced response time to 3.81 0.83 Q26 Level and frequency of 2.98 0.92
answer queries technical support provided
Q3 Established and supported 3.79 0.78 Q27 The accuracy and 3.67 0.82
the project organisation quality of the output
Q4 Empowered participants 3.21 0.90
to make decisions
Q5 Facilitated document 4.12 0.67
transfer and handling e . .
Q6 Helped keeping and 308 0.84 twg d.1st1nct groups of 1tems: The ftlrst. of these is
updating records objective whereas the second is a subjective group of
Q7 Enabled immediate 3.69 1.00 27 items (see Table 1). The latter is the focus of this
reporting and feedback paper. Below is the rationale for selecting subjective
Q8 Helped identifying errors 3.33 0.87 questionnaire items for each perspective.
and/or inconsistencies
The IT tool has- 4.1. Operational perspective
Q9 Enabled realising 3.60 1.11
cost savings To meet operational objectives and clients expect-
Q10 Improved document quality 3.48 1.09 ations, organisations must identify key business pro-
Ql1 Decreased number 2.88 1.09 .
of design errors cesses at which they excel. These processes are the
Q12 Decreased number of 281 1.09 mechanisms through which IT-induced performance
Requests for Information improvements are achieved. For example, Atkin [35]
(RFIs) revealed that project teams reported enhanced com-
Q13 ILedto mo/re satisfied 3.14 1.07 munication and coordination by applying IT to sup-
customers/users . .
Q14 Enabled streamlining 367 110 pprt'lntegratlc')n. Tucker et al. [10] suggest that IT can
of processes significantly improve document transfer and handling
Ql5 Improved computer literacy 3.83 1.17 through web-based technology. Aouad [36] also sup-
ports this view. Instantaneous document transfer
In my opinion, proved beneficial in terms of faster decision-making,
the IT tool has been: uality improvements, cost savings and improved
Ql6 Reliable throughout 3.67 0.82 q K ty p 7 g X p
the course of application project team dynamics [37]. Baldwin et al. [38]
Q17 Secure against 3.62 1.19 suggest that IT applications and tools are essential to
unauthorised use establish alliance relationships between project partic-
Q18 User-friendly 3.62 0.76 ipants.
Q19 Appropriate for 3.81 0.83
application/function )
Q20  Suitable for use on site 364 134 4.2. Benefits perspective
In my opinion, the IT tool As mentioned earlier, strict economic principles
o g“i the potential to: 336 4 such as ROI and NPV are partially useful for evaluat-
tion” . ) . . .
Q _hance Ty orgamisation s ing the benefits derived from IT investments. How-
image in the industry . . .
Q22 Help attract more 2.95 L13 ever, they fail to account for intangible benefits that are
sophisticated clients also important to IT measurement and evaluation.
Q23 Increase my organisation’s 3.60 1.29 Intangible IT-induced benefits on construction projects

capability for global cooperation

typically include streamlined processes, decreased
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errors and client satisfaction. IT applications and tools
can reduce the project cost and time overruns result-
ing from the current less than optimum communica-
tion and information management process [39]. Re-
searchers recognise that process re-engineering is
imperative to streamline existing processes before IT
investments generate substantial value [40—42].
Walker and Rowlinson [43] highlight the potential for
increased client satisfaction through web-based com-
munications by providing instantaneous project infor-
mation to clients.

4.3. Technology/system perspective

The appropriateness, efficiency and effectiveness
of the implemented technology/system affect the per-
formance of the remaining perspectives of the frame-
work. This perspective is focused on the quality of the
technology/system and includes technically focused
indicators such as response time, down time, respon-
siveness, functional integrity, relevancy of output,
secureness and user-friendliness [44]. Flanagan et al.
[2] studied small- and medium-sized contractors and
builders and concluded that construction contractors
still rely on personal contact, telephone and paper due
to the nature of how the industry operates reflecting
the fact that there are concerns as to the awareness,
appropriateness, reliability and security of imple-
mented IT tools. Jung and Gibson [20] identified
computer system appropriateness as a key measure
for planning computer-integrated construction.

4.4. Strategic competitiveness perspective

This perspective incorporates terminology and
concepts such as future readiness, business compet-
itiveness and innovation. According to Aouad [36],
little regard has been given to the future potential of
IT within the construction industry. Betts and Ofori
[45] suggested that IT offers opportunities as strate-
gic weapons to gain competitive advantage and
develop new business. Also, leading organisations
adopting innovative IT are more likely to be more
active in enhancing their organisation’s image in
domestic and international markets [46]. Clearly,
the ability of IT to deliver quality services in the
future will depend on the preparations that are made
today and tomorrow.

4.5. User orientation perspective

Implemented IT projects will fail to be utilised
effectively unless the user embraces them. This per-
spective captures the ability of the organisation to
provide an adequate level of IT training and support to
users. Previous research suggests that an organisa-
tion’s failure with IT is primarily attributable to not
meeting user expectations, which underlines the sig-
nificance of the soft human and organisational issues
involved with IT [8]. Clarke and Clarke [47] inves-
tigated the efficiency of IT training and concluded that
training and human relations were important elements
for achieving effective IT implementation. Therefore,
the user orientation perspective is a key component of
the framework.

5. Case study
5.1. Survey method

In order to evaluate the performance of the web-
based system used, for the first time, to instantly share,
visualise and communicate project information
between project participants, the above mentioned
questionnaire items were used to develop a question-
naire to elicit information about the extent to which
each item was achieved (see Table 1). Near completion
of the project, the questionnaire was administered to 42
project participants [10]. A Likert-type scale was
employed to access responses. This scale ranged from
1 =“low/strongly disagree” to 5= ‘“high/strongly
agree”’.

5.2. Data analysis

To provide an initial assessment of the 27 items in
the questionnaire, mean ratings and standard deviations
were calculated for all responses. The raw scores of the
responses are summarised in Table 1. The higher the
mean the higher the degree of IT-induced performance
improvement for the particular performance item. Prior
to correlation and factor analyses, analysis of variance
(ANOVA) was performed to test whether the mean
values of each item were equal for each group of
respondents: management, designers and administra-
tors. This helped clarifying whether or not the opinions
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of these three groups were the same for the 27 items
dealt with in the survey. The results suggest a con-
sensus between the three groups in relation to all items
covered in the survey, with the exception of one issue,
i.e. Q18: the user-friendliness of the web-based sys-
tem. A high degree of difference of opinion between
administrators and the other two groups seems to exist
for this item. The explanation that could be offered
here is that administrators might have experienced
some difficulty in adapting to this new system due to
unfamiliarity with its potential scope, and unlike
designers and managers, that have more exposure to
less user-friendly computer-based applications. In
summary, since there was minimal bias between proj-
ect participant groups, the data were deemed appro-
priate for statistical analysis as one sample.

Bivariate correlation was undertaken with all the
questionnaire items and the results showed two items

that were highly correlated. Malhotra [48] states “if
multicollinearity in the predictor variables exists, there
is no unambiguous measure of the relative importance
of the predictors in discriminating between the
groups”. When there is a high degree of correlation
between some of the independent items in the data,
interpretation of the results is difficult. This is because
one item has assumed all the discriminating power of
the other correlated item. As a result, interpretation of
the results should be done with considerable caution.

Bivariate correlation showed that two items (Q5
and Q6) elicit similar responses. The two items that
are related to document management were found to be
highly correlated. Consequently, it seems reasonable
to delete question Q6, and leave the effect of records
management to be taken up by QS5, which acts as a
surrogate item and represents the combined effects of
both items.

Table 2
Varimax factor loadings for the initial five-factor solution
Item Factor analysis components

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

(operational) (benefits) (technology/system) (strategic competitiveness) (user orientation)
Q1 0.708* 0.222 0.303 0.016 —0.240
Q2 0.688* 0.309 0.251 —0.039 —0.117
Q3 0.827* 0.170 0.130 —0.005 0.122
Q4 0.664" 0.164 —0.001 0.240 0.045
Q5 0.521* 0.199 0.416 0.067 —0.041
Q7 0.597* —0.028 0.138 0.503 —-0.310
Q8 0.639* 0.007 0.200 0.070 0.032
Q9 0.310 0.719* 0.392 0.095 —0.106
Q10 0.082 0.791% 0.355 0.182 0.181
Q11 0.383 0.751* 0.051 0.153 —0.017
Q12 0.220 0.546" 0.046 0.323 —0.376
Q13 0.038 0.661* 0.192 0.566 0.127
Q14 0.269 0.609* 0.410 0.252 —0.125
Q15 0.008 0.357 0.124 0.745% 0.025
Ql6 0.087 0.387 0.698" 0.116 0.178
Q17 0.218 0.361° 0.341° 0.240 —0.382°
Q18 0.275 —0.014 0.761* —0.030 —0.027
Q19 0.133 0.245 0.879* 0.018 0.009
Q20 0.363 —0.111 0.552% 0.405 —0.354
Q21 0.093 0.179 —0.066 0.861° 0.091
Q22 0.184 0.038 0.053 0.811* 0.200
Q23 0.002 0.172 0.088 0.838* 0.040
Q24 0.231 0.170 0.686" 0.049 —0.019
Q25 —0.152 0.075 0.055 0.196 0.763*
Q26 0.199 —0.082 0.120 0.156 0.860°
Q27 0.124 0.325 0.605* 0.113 0.310

? Variable loads strongly into only one factor.
® Variable is diffused over two or more factors.
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A principal component factor analysis followed by
a varimax rotation was then undertaken on the remain-
ing 26 items to determine the underlying perspectives
of IT performance. The data were deemed to be
appropriate for the analysis by exceeding the 0.50
threshold level, as indicated by the Kaiser—Meyer—
Olkin measure of sampling adequacy value of 0.59
[49]. The initial analysis using SPSS V10.0 yielded a
five-factor solution, which accounted for 68% of the
variance (see Table 2). However, the interpretability of
the solution was rendered problematic because of one
complex item, which loaded on three factors. Item
Q17: secure against unauthorised use was found to be
equally diffused over factors 2,3 and 5 with a loading
value less than 0.4 in each of these factors. Due to the
problematic nature of this item, it was removed from
further analysis. It is worth noting here that although
this empirical investigation warranted the removal of
this indicator, the authors contend that IT security is an
important factor that cannot be ignored as construction

research shows that security can be of concern to IT
users [43].

A subsequent analysis of the remaining 25 items
yielded five factors with eigenvalues greater than one,
which together accounted for 69% of the explained
variance. Table 3 details factor loadings, explained
variance, eigenvalues and Cronbach’s o for the five
factors. As can be seen, all analysed items have load-
ings greater than the minimum value of 0.4 suggested
by Hair et al. [49], and were selected to define the five
factors (perspectives). Cronbach’s o for individual
factors ranged from 0.71 to 0.89, indicating adequate
internal consistency [50].

6. Users’ perceptions of web-based tool’s
performance

Using the mean responses for each item in Table 3,
an overall score defined on a scale from 0 to 100% can

Table 3
Varimax rotated factor loadings for the five-factor solution
Factor Reference Items (identifying questions) Factor
loading
(1) Operational: Variance=15.7%; OP1 Enhanced coordination between project participants 0.71
Eigenvalue=3.94; Cronbach’s «=0.85 OP2 Reduced response time to answer queries 0.69
OP3 Established and supported the project organisation 0.83
OP4 Empowered participants to make decisions 0.67
OP5 Facilitated document transfer and handling 0.53
OP6 Enabled immediate reporting and feedback 0.58
OP7 Helped identifying errors and/or inconsistencies 0.65
(2) Benefits: Variance=15.6%; BE1 Enabled realising cost savings 0.72
Eigenvalue=3.91; Cronbach’s «=0.89 BE2 Improved document quality 0.80
BE3 Decreased number of design errors 0.75
BE4 Decreased number of Requests for 0.55
Information (RFIs)
BES Led to more satisfied customers/users 0.66
BE6 Enabled streamlining of processes 0.60
(3) Technology/system: Variance=15.2 %, TS1 Reliable throughout the course of application 0.71
Eigenvalue=3.79; Cronbach’s «=0.84 TS2 User-friendly 0.75
TS3 Appropriate for application/function 0.88
TS4 Suitable for use on site 0.56
TS5 The accuracy and quality of the output 0.69
TS6 The IT tool 0.60
(4) Strategic competitiveness: Variance=14.6 %; SC1 Enhance my organisation’s image in the industry 0.86
Eigenvalue =3.64; Cronbach’s a=0.88 SC2 Help attract more sophisticated clients 0.81
SC3 Increase my organisation’s capability for 0.84
global cooperation
SC4 Improved computer literacy 0.74
(5) User orientation: Variance=8.2 %; Uo1 Level and frequency of training provided 0.78
Eigenvalue=2.06; Cronbach’s «=0.71 uo2 Level and frequency of technical support provided 0.85
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be calculated for each perspective of the framework.
For example, the overall score for the operational
perspective is calculated by the summation of mean
scores for indicators OP1 to OP7 divided by the total
possible maximum score for the seven indicators i.e.
OP1+---+0P7=(3.81+3.81 +3.79+3.21+4.12+
3.69+3.33)/(7 X 5)=0.74="74%. Each perspective’s
overall score was plotted on a spider diagram (see
Fig. 1). Scores for the five perspectives rated as
follows: (1) operational: 74%; (2) benefits: 65%; (3)
technology/system: 73%; (4) strategic competitive-
ness: 69%; and (5) user orientation: 55%. For the
purpose of this paper, each perspective was assumed
to contribute evenly to the overall performance of the
IT tool. Using this approach, an overall performance
score of 68% was calculated for the IT tool used on this
particular project. It is worth pointing out that organ-
isations should individually weight the five perspec-
tives to suit their specific goals and objectives. For
example, organisations seeking competitive advantage
through innovative use of the IT would assign a high
weighting to the ‘strategic competitiveness’ perspec-
tive. Another advantage of the spider diagram is its
ability to reflect areas where organisational efforts are
needed to improve the utilisation of the IT tool, under
investigation, to its maximum potential.

The performance baseline scores established for the
IT tool used on this construction project can be utilised
to assess any performance improvements on future
construction projects. Considering a hypothetical
example, performance scores for each of the five per-

Operational

/
Strateglé """""""" Technology
Competitiveness /System

Performance scores for ‘current’ project 7 Performance scores for future project(s)
(baseline), sce detailed scores 7 (hypothetical results)

Fig. 1. Spider diagram showing the average score of each framework
perspective.

spectives for a ‘new’ construction project undertaken
by the organisation was obtained (see Fig. 1). The
overall performance score was calculated to be 74% for
the ‘new’ construction project. Performance improve-
ment can be evaluated by comparing the ‘benchmark’
score obtained on this project to the ‘new’ project score.
A performance improvement score of 6% (i.e. 74—
68%) was calculated for this illustrative example. This
procedure provides construction organisations with a
simple, yet effective means to evaluate IT-induced
performance improvement.

7. Work in progress

Although only subjective items for evaluating IT-
induced improvement have been reported herein,
work-in-progress by the authors has incorporated
objective (quantitative) measures in each perspective
to enhance the applicability of the proposed frame-
work. These measures, which are linked through
cause-and-effect relationships across the five perspec-
tives, should provide organisations with insights into
the roles played by enablers as well as barriers to
achieve maximum benefits from IT implementation
on construction projects. Providing a mix of objective
and subjective measures would definitely make the
proposed framework more attractive to adopt. Also,
research work is underway to examine the relative
importance of roles played by individual perspectives
in estimating the overall success or otherwise of the
implemented IT tool. Subsequent objective IT evalu-
ation will be reported in future publications.

8. Conclusion

With the combination of increasingly complex
building types, growing number of outsourced project
participants, tightly programmed fast-track construc-
tion methods and a globally competitive marketplace,
the ability to deliver profitable projects on time and
within budget is becoming a significant challenge.
Without the effective use of IT to facilitate the process
of information management amongst project teams, it
is unlikely that major improvements to the delivery
process will eventuate by continuing to use traditional
processes. This paper has sought to emphasise the
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importance of a structured evaluation process to man-
age and continually monitor the performance of imple-
mented IT investments. The developed framework
goes beyond traditional evaluation approaches by
accommodating the wider intangible human, organisa-
tional and strategic benefits of IT investments.

The case study applied the framework on a large
multidisciplinary construction project to evaluate the
IT-induced performance improvement on a construc-
tion project resulting from the implementation of a
web-based communication tool. The case study served
two primary purposes. Firstly, to refine the developed
IT performance perspectives and indicators through
statistical analysis. Secondly, to create a baseline
against which future performance measurement can
be benchmarked.

Examining various indicators individually, project
participants agreed that the IT tool made a positive
contribution to operational indicators such as docu-
ment transfer and handling (OP5=4.12), enhanced
coordination and communication between project par-
ticipants (OP1=3.81), and reduced response time to
answer queries (OP2=3.81). Overall, they perceived
the operational perspective (74%) as being where the
web-based system derived the most value. However,
project participants were not overly satisfied with the
level and frequency of IT training (UO1=2.52) and
support (UO2=2.98) provided. This suggests that
mean scores for indicators within the other four
perspectives could have been higher if project partic-
ipants were adequately trained, encouraged and sup-
ported throughout implementation.

Since this was the first time the web-based system
was used in a project environment, not all the capa-
bilities of the system were utilised by project partic-
ipants, perhaps limiting their perceptions as to the full
potential of the system. Future applications should
alleviate this problem. As a final note, construction
organisations are encouraged to lay the foundations for
a performance measurement and management culture,
by actively seeking to evaluate and quantify the value
IT generates.
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