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ABSTRACT

This dissertation describes the findings of a study that was carried out on the use and
application of information technologies (IT) in construction management processes. This
study, which was in the form of a survey, was conducted in October and November 2001
covering forty-five (45) architectural, engineering and construction companies operating
in the Western Cape province of South Africa. The objectives of the study were: to
investigate the extent of use and application of information technologies in construction
companies operating in the Western Cape, and to determine the factors influencing IT
investments in the construction industry.

The survey results reveal that 96% of respondents have invested in IT during the last
two years, and some of the companies are planning to make further [T investments.
Although an overwhelming number of companies have invested in IT during the last two
years, only 71% of the respondents have IT strategies. From this 71% of the
respondents, 34% have their IT strategies in written form and 37% have it in oral form.
These construction companies are planning to make further IT investments in computer-
aided design, document handling and accounting systems. Only a few companies
showed interest in investing in electronic trading, computer product modelling, virtual
reality and property information.

The survey has also established that many business processes like bookkeeping,
invoicing, scheduling, resource-planning, costing, budgeting and tendering are highly
computerised. Despite these large IT investments and high computerisation of the
business processes, the outcomes have been mixed. The introduction of IT in the
construction industry has resulted in some desirable changes since it has improved the
efficiency of doing work, thereby reducing the cost of doing work. Furthermore, IT has
increased productivity in general administration, project management, design, and site
management. However, the introduction of IT has brought little or no improvement in
reducing the mistakes in documents, the number of construction errors, the complexity
of work, the administration needs and the proportion of new work.

Continual demand for upgrading hardware and software, and high investment costs are
seen as prohibitive to the greater adoption of IT in the construction industry.



Based on the resulis of the survey, some suggestions are made on strategies for future
research on the use of information technologies in the construction industry.



GLOSSARY OF TERMS

Competitiveness — in the context of business environment, competitiveness means the
way a company executes its business strategy to provide best value of its products and
services to its customers. Its competitiveness in the industry is defined by how it

maintains its position among other companies in the industry.

Electronic Data Interchange (EDI) - an electronic transfer of structured data from one

computer system to another using agreed standards.

Electronic Document Management System (EDMS) — the computer-based system for
storage and retrieval of information. EDMS is a key aspect of IT-based knowledge

management systems.

Document image Processing (DPl) - the use of computers to store and retrieve
electronic copies of documents (Gyampoh et al. 1999).

Computer-Aided Design (CAD) - this is system that enables drawings to be
constructed on a computer and subsequently stored, manipulated, and updated

electronically.

Integration systems — in the technical sense, means different computer applications
that can communicate effortlessly. It also means sharing of data between two or more
computer systems with little or no changes to the original format.

Construction Processes — these processes define the essential processes that are
needed for the successful management and completion of construction. The processes
include but are not limited to the following: project management, accounting,
procurement, contracts, computer-aided design, estimating, communications, general
administration and document handling.

Benchmarking — International Benchmarking Clearing House defines benchmarking as
“... a process of continuously comparing and measuring an organisation with leaders
anywhere in the world to gain information that will help it to take action to improve its



performance” (Lascelles & Peacock, 1996:129). It is a tool for supporting continuous
improvement initiatives.

Best Practice — it is the performance difference between one or more companies’
performance and what is perceived to be the “best practice” in the business. It is
generally "best practice” in the context of customer expectations.
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1 INTRODUCTION

Information technology is playing an increasing role in both developing and developed
economies of the world. It has been regarded as both a driver and an enabler of
competitiveness in manufacturing and service organisations. With this view in mind,
academic, government agencies and industry practitioners have carried out studies and
projects in recent years to investigate the use and application of information
technologies in the construction industry. This dissertation presents the results of a
survey that was carried out to determine the extent of the use and application of
information technologies in the construction management processes. This introductory
chapter outlines the background and context of this study.

1.1 Understanding Context

The construction industry is one of the key sectors in developing countries. In South
Africa, the construction industry is a critical aspect of the government's Reconstruction
and Development Programme (RDP) aimed at providing housing and infrastructure
development to millions of South African citizens. The government, together with the
country’s construction industry, acknowledges that only efficient construction processes
would enable and improve delivery processes (Coetzee & Boshoff, 1998). Some of the
problems highlighted by the RDP are declining construction demand, the deteriorating
productivity levels, the declining quality outputs and performance of the South African
construction sector. In line with RDP national strategic objectives, the Construction
Industry Development Board (CIDB) was formally established in April 2001 after three
years of consultative process between the South African government, public and private
sectors.

The Construction Industry Development Board is aimed at improving efficiency,
effectiveness, quality and productivity, health, safety, environmental outcomes and value
for money to South African society. In addition, it is aimed at establishing best practices
which promote improved industry performance, procurement and delivery management

reform, work-process transformation and innovation. The CIDB was therefore formed to



drive the development strategy of the construction industry. It relies on the support from
the Department of Works, public and private sectors, and the intellectual capacity of
academic researchers.

in the Western Cape province of South Africa, the construction industry employs about
136 000 workers, which represents about 4 to 5% of the regional labour force.

From the United Kingdom (UK), Aoud and Sun (2000) have reported that in 1999 the UK
construction output was about 10% of Gross Domestic Product (GDP). In 1996 the Irish
construction sector contributed about 13% of the Republic of ireland gross domestic
product (Thomas 1999). In South Africa, the construction industry represents just 3% of
GDP (SA Reserve Bank, 2001). Current view on performance of the construction
industry is that efficient management processes will facilitate and sustain the success of
the construction industry. Developing from this view is that the application of information
technologies (IT), especially in automation of processes and collaborative computer
systems would facilitate development of the industry. This view is influenced by the
relative success in the use and application of IT in other sectors like manufacturing or
service sector. The successes have been observed in automation of administration
processes, improved procurement systems, reduced time in doing work, improved
communication channels, improved quality of work, improved product design processes
and others successes that are highlighted in chapter 2.

Research on the use and application of information technologies in the construction
industry is a relatively new area of research. The following section presents the context
for the development of information technologies in construction.



1.2 Background: Establishing Global Construction Cooperation Initiatives

The Construct IT Centre of Excellence (from hereon referred to as the Centre) was
formally established in the UK at the beginning of 1995 as an industry-led, government
endorsed research agency for coordinating and promoting research in IT in order to
improve the competitive performance of the UK construction industry. Although the
Centre was formally established in 1995, the foundation of this work was started a few
years earlier by collaborative research efforts between the University of Salford and the
UK construction industry. The Centre has extended its research focus area far beyond
the UK construction industry landscape to include international IT initiatives in
construction. Among its key objectives was the need to (Construct IT, 1997):

¢ promote coordinated construction IT research

¢ showcase IT development

o inform construction organisations of new IT investments

One of the Centre’'s milestones was an international meeting held in the small English
village of Armathwaite to discuss the future of information technologies in the
construction industry. This 1997 global meeting came to be known as the “Armathwaite
Initiative” and was attended by representatives of Australia, Finland, Hong Kong, Japan,
Slovenia, South Africa, Sweden, UK and USA. The participants undertook to initiate
global cooperation among all those working in the field of IT to support improvements in
the processes of design, construction and facilities management, with the aim of
enhancing value for the industry’s clients and prosperity for the industry (Construct IT,
p.1, 1997). They planned to this by:

e Forming a global network of Construction IT Centres

e Seeking opportunities for collaborative efforts

e Benchmarking IT in construction

¢ Encouraging the use of process protocols

¢ Showcasing research, innovation, practical implementation

Only the few countries that have undertaken these kinds of studies have a clear picture
of the extent of the uptake of information technologies. It is partly for this reason that |
undertook this study with the aim of making a contribution to the development of the
construction industry in South Africa.



In South Africa, one organisation that has taken a leading role in the research and
development of information technologies in the construction industry is the Building and
Construction Technology (Boutek), a division of the Centre for Scientific and Industrial
Research (CSIR). CSIR is a South African industrial research organisation that supports
innovation and sustainable development growth for the South African public and private
sector. Among the various research departments is the Construction Technologies
department. It supports the development of key information technologies that enable
best practices in information technology in the construction industry. One of their
initiatives is Integrated Project Services (IPROS), which is an internet-based project
communication process (hitp://ipros.csir.co.za) that allows for sharing of project

information through the Internet.

With this context in mind, the research question was developed as explained in the next

section.

1.3 Developing the Research Question

How do South African architectural, engineering and building contractors use information
technologies (IT) in their management and business processes? What is the extent of
the computerisation of the construction business processes? What are the factors that
influence construction companies to invest in information technologies? The initial stages
of this study began with preliminary readings on information technologies and their
application in the construction industry. It became evident early on, that most of the
literature related to this area was from overseas. With this understanding, an attempt
was made to contact some people in the South African construction industry during the
early stages of the research. Those people that were contacted included some members
of academic staff from the Department of Construction Management at the University of
Cape Town and those from institutions like the Masters Builders Association which
represents building contractors in the Western< Cape province of South Africa.



1.4 Objectives of the Study

The objectives of this study were:

¢ To investigate the extent of the use and application of information technologies
in architectural, engineering and major building contractors (AEC) in South
Africa.

» To determine the factors influencing the decisions made by construction
companies to adopt information technologies.

e To suggest strategies for the use and application of information technology
based on the outcome of this study.

1.5 Definitions

So what is meant by information technologies (IT)? There is always a problem when one
tries to restrict a certain concept to one specific definition, because people would always
use different words in attempting to describe the same thing. An attempt to make an all-
encompassing definition of IT would be difficult, especially for a relatively new and
dynamic concept like IT. Here are some definitions of IT:

“equipment, computers, and telecommunication devices” (Targett et. al 1999);

Keen (1995) describes it as generally accepted umbrella term for “rapidly expanding
range of equipment, applications, services, and basic technologies’,

Wilson and Olson (1989) describe it as “a collection of computers, communications,
software, nefworks and all associated expenses including people dedicated to the
management and operation of the IT”;

Turban et al. (2001) describe it as “individual components that are typically organised
into computer-based information systems”.

These definitions, and the many that are not quoted here, appear to convey the same
idea of “computer systems, computer hardware and accessories, computer software,
telecommunication devices like faxes, modems, switches and their associated software



and systems”. This is the general conceptualisation of information technologies that was
adopted for this study.

1.6 Limitations and Scope of the Study

This survey was conducted in an area where little research has been carried out before,
or is currently being done in South Africa.

o The mail survey covered 45 architectural, engineering, building and construction
contractors operating in the Western Cape.

» The sample size was limited by the funding available.

o The accuracy of the mail survey (as opposed to other research methods like in-
depth interviewing) is limited because there is a good chance that respondents
interpret questions differently.

o The author acknowledges that some architectural, engineering and building
contractors operating in the Western Cape do not appear either in the
Professions and Projects Register, Cape Chamber of Commerce website listing
or the Masters Builders Association (Western Cape) listing. The list used for
selecting the sample contained only those listed by the above institutions.
However, the sample was selected randomly and the sample therefore
represents a representative sample of construction companies operating in the
Western Cape province.

The assumptions made in this study are that construction management processes
include general administration, planning, designing, scheduling, project execution and
control. In addition the computer tools that are used in the construction industry are
those that reduce or eliminate repetitive tasks, thereby reducing the cost of doing
construction work. It is further assumed that the exploitation of IT by the construction
industry is one way of improving efficiency and productivity.



1.7 Structure of the Report

Following this introductory chapter, Chapter 2 reviews authoritative literature pertaining
to this study. It also explores the theoretical framework underpinning this study.

Chapter 3 presents the methodology that was followed in carrying out this study. In
addition, chapter 3 also highlights the procedure that was followed in collecting and

analysing the data.

Chapter 4 presents the results (or findings) of this study and the implication of these
results regarding the research objectives.

Chapter 5 presents conclusions that were drawn from this investigation.

Chapter 6 outlines the recommendations that were developed based on the results of

this investigation.



2 LITERATURE REVIEW AND THEORETICAL FRAMEWORK

2.1 Introduction

The objective of this chapter is to present key business and management principles that
have informed this study. In addition, it presents a review of authoritative literature that
has influenced this study. Most of the literature on the use of information technologies in

construction is published from overseas.

2.2 Key Business and Management Principles

2.2.1 Continuous Business Improvement

For last the two decades or so, the construction industry has been faced with business
challenges that were previously observed in other industries like manufacturing. Some of
the challenges included:
o the need to deliver more units of construction for lower units of
expenditure
¢ the demand for greater efficiency and value for money; increased
competition
¢ the need to improve quality and ensure client satisfaction
o and the increasing requirement for projects to be delivered within
tighter time-scales (Anumba, pp.77-78, 1998).
As Turner (p. 246, 1998) cogently put it:
“in the past being a low cost producer, or maintaining one’s market share was
often sufficient as a business strategy. Today, such approaches are inadequate.

More important is the ability ... fo improve cusfomer’s service, and to enhance
guality of products and service”.

It is for these reasons that there has been a growing movement to improve performance
in business. Performance improvement measures can take many forms, depending on
the culture and contextual environment in which a company operates. The European
Business Excellence Model (EBEM), developed by the European Foundation for Total



Quality Management (EFQM) is a typical performance improvement model. Figure 1
below illustrates the European Business Excellence Model.

People I | Psople
Management satisfaction

. Policy and Customer :
Leadership strategy Processes s satisfaction Business
resuits
Resources impact on
H H society
P Enablers S— — Results gy

Flgure 1: European Business Excelience Mode! (Lascelles & Peacock, p. 14, 1996)

This was how Lascelles (p. 15, 1996) summarised the model:

“Customer Satisfaction, People Satisfaction, Impact on Society are achieved through
Leadership driving Policy and Strafegy, People Management, Resources and Processes
leading uftimately to excelience in Business Results”

The five elements on the left create enabling conditions for a business to achieve
desired business results. This model supports total quality management measures in
that it recognises the contribution made by people’s inputs, rather than relying on
technologies to drive business processes.

Lascelles and Peacock (1996) argue that continuous improvement is a never-ending
process. Business environment is never static but a dynamic one requiring companies to
continuously improve their processes as they face new challenges. Uncertainty is a
critical aspect of our environment; that is why management tools like scenario planning
and general strategic management are becoming important in clarifying strategic
directions. Scenario planning is a strategic planning technique that involves identifying
social, political, economic and technological forces that might shape the business



environment and discussing plausible scenarios that might happen as a resuit of the
interactions. Scenario planning is not an attempt to predict the future but show how
different forces might interact and affect a company’s business environment.

Considering continuous improvement process as a journey, Lascelles and Peacock
(1996) have presented a business improvement milestone as illustrated by Figure 2

below:

Self Assessment

What are the
real priorities?

Planning
Improvement

Making it
happen

Getting everyone
involved

Improvement
Projects

L.eaming from
the best

Improving the
value-added chain!

Self-assessment

Figure 2: Business Improvement Milestone (Source: Lascelles & Peacock, p. 118, 1996}
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The elements of this performance improvement process are described below:

Self-assessment:

Planning lmprovement:

Policy deployment:

improvement Projects:

Process Improvement:

Benchmarking:

2.2.2 The Business idea

a systematic review of company’s achievements, failures,
strengths and weaknesses based on existing business
models like European Business Excellence Model, or
balanced scorecard.

what are the real priorities? Based on a scenario planning
exercise or simply an annual self-assessment exercise.
Are we doing what we ought to be doing?

annual improvement plan is translated at each level of
management into specific improvement objectives and
concrete action plans. The role of policy deployment is to
create enabling conditions for improvement projects.

the specific tasks and action plans are executed.

Improving the value added through process control,
maintenance, or in some cases process redesign.

Measuring own business processes against better
performing organisations. This is not the same as copying
what others practice but rather learning from their
experiences.

One of the objectives of studying the impact of information technologies in any business

sector is to find out (and to a limited extent measure) their impact on productivity,

efficiency, cost reduction and competitiveness. But why would any company be

concerned with the efficiency, productivity, or the performance improvement measures of

11



its operations? Any business that exists does so for a specific reason. The basis for this
argument is the Business Idea concept (Van der Heijden, 1996), illustrated by Figure 3:

ome
4 broad social
need

generates

eurlal

exploits

Distinctive
-

hamess

provide wi

St generates
/ Competitive

Figure 3: The Business ldea (Van Der Helfden, 1996}

According to Van der Heijden (1996), the Business ldea drives organisational strategy of
an organisation. In its generic form, the Business Idea describes a process that an
enterprise goes through as it pursues its purpose. A business enterprise starts by
recognising some broad social need that allows an enterprise to develop some kind of
entrepreneurial invention. By developing entrepreneurial enterprise, a company can then
exploit its distinctive competencies that in turn provide a company with a competitive
edge. This competitive edge is then exploited to generate resources. The same
resources are further exploited to harness its distinctive competencies. This is a positive
feedback loop illustrating that a company strategy is a dynamic one that should reflect

business patterns in a contextual environment.

12



Van der Heijden (1996) also emphasises that the Business Idea does not mean only one
business (or core business) but it may encompass more than one business. Although
Van der Heijden (1996) does not discuss the role played by information technologies in
strategy making, it is suggested here that information technologies can facilitate the
exploitation of those distinctive competencies and further facilitate that entrepreneurial
invention. Effective implementation of information technologies streamiines the
construction business processes by: eliminating repetitive manual tasks; achieving cost
savings through reduction of errors in the quality of documents; reducing cost of
communication by using faster and cheaper communication channels like email; and
improving quality of documents by eliminating typing errors. The progressive and
effective introductions of IT systems are the aftributes of the continuous improvement
initiatives. With regard to the construction industry, some IT initiatives have been taken
on integrating technologies, performance measurement, quality programmes, and
business process redesign. This dissertation examines the use of information
technologies in the South African construction industry because of the possibility that
effective implementation of IT would enable and improve the performance of the
industry. The formulation of national strategic objectives and development programmes
like Reconstruction and Development Programme demonstrate the need for a
competitive South African construction industry.

2.3 Reviewed Literature on Information Technologies in Construction

it has been difficult to obtain local published reports on the use of information
technologies in the South Africa construction industry. Much of the literature that was
reviewed originated from overseas. In South Africa, the Centre for Science and Industrial
Research (CSIR) has carried out studies and collaborative projects in information
technologies in the South African construction industry with the basis of some of the
studies originating from overseas studies. The relevance of the literature reviewed in the
following sections is to provide a background against which local experiences on
information technologies in construction can be made. Whilst some of the reviewed
literature (foreign empirical studies) cover the same ground as this survey, some of the
literature on the application of IT in areas like electronic data interchange (EDI) and

13



slectronic document management systems (EDMS) were reviewed for background
purposes only.

2.3.1 Foreign Studies on Information Technologies in Construction

Howard et al. (1998), Thomas (1999) and Rivard (2000) have respectively carried out
survey studies in the use of information technologies in the Canadian, Irish and
Scandinavian construction industries.

Howard et al. (1998) compared the results of studies carried out in Denmark, Finland
and Sweden on the use of computer hardware, software and communications in the
construction industry of each respective country. The surveys carried similar questions
with only a few local variations relevant only to that particular country. These studies
came to be known as the /T Barometer Surveys. The Royal Institute of Technology
(KTH) in Sweden originally developed the IT Barometer surveys in 1997. According to
Howard et al (1998), one of the objectives of these Barometer surveys was to obtain
good base data so that particular differences and successes could be obtained, thus
allowing for benchmarking of new IT applications in the construction industry. Howard et
al. (1998) has also reported that the respondents from each of the three countries
indicated that productivity had increased as a result of using software applications in
administration and design, while there was little change in using IT tools in other
management processes like project management, site management and materials
management. The respondents however indicated willingness to increase investment in
CAD, document handling, accounting and the internet.

in the Denmark study analysed by Howard et al (1998), a quarter of the architects
surveyed indicated that they spent about $8000 on IT per member of staff. Engineers
spent between $3000 and $8000 whilst contractors spent about $150 per member of
staff.

On the mode of exchange of documents, Howard et al (1998)'s study established that
the type of building documents that were regularly exchanged in digital form were
minutes, tenders, specifications, orders and invoices. Experiences from the three
countries were similar as indicated by Figure 4 (Howard et al., p. 52, 1998). The figure
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ilustrates the percentages of data that were transferred digitally for each type of

dogument listed on the |eft.
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Figure 4: Percentage of lypes of document exchanged digitally fn the three countries

A study conducted by Thomas (1982} in the Insh gonstruction sector focused on
computer hardware and software, communications, management of IT, difficulties with
IT, IT strategy and the greater influence of fT In the construction sectar. One of the key
findings of the study was that 68% of the respandents believed that they were not using
I'T to its full poiential. This could be explained by the fact that the majarity of construction
firms did not have an IT strateqy and were unlikely to develop one in the near future,
Thomas (1989) however concedes that [T can never be used ta its full potential but most
firms are aware that they could use mare of IT tools with their current resources, The
Irish study contrasts with the Canadian study which indicates that Canadian
architectural, engineering and contractors firms planned to increase |IT investments as
they felt that previous IT investrments had raised productivity and increased quality of
docurments, speed of doing wark, financial control and communications (Rivard, 2000),

In the Thamas study, construction firms identified a number of technalagical, financial,

15



environmental and human hindrances to the use of IT in the Irish construction industry.

Table 1 below lists those hindrances reported by Irish construction firms. ARCH, ENG,

QS and CON are abbreviations for architecture, engineering, quantity surveying, and

construction companies.

Table 1: Problems inhibiting the use of IT in the Irish construction industry

experts

[ TECHNOLOGICAL REASONS | ARCH % ENG % s % CON % Ave. %
TRlegration/compatbiity problems a5 27 34 654 40
Rapid changes i lechnology 30 44 26 36 35
Softwaré problems 19 27 13 18 19

Reliabilfy/bréakdown problems 30 15 ) 15
Hardware problems 11 15 10
Security not guaranieed 8 11 9 8
HUMAN REASONS ARGCH % [ ENG % Q8% CON% Ave. %
inadequale Training Y4 39 45 33 44
Tack of knowledgefawareness of ki) 33 34 b5 40
available IT

earmisust of lechnology 16 24 18 39 24
Poor management 16 18 18 15 17
Poor leamwork 5 k]

Poor leadership 1 B 3 5
FINANCIAL REASONS ARGH % ENG % Q8 % CON % Ave. %
Uack oF avallable Tunding e 42 26 36 33

LUiﬁ"ocmity in proving thal the benefits of 35 18 21 12 22
IT are greater than associated costs
ENVIRONMENT REASONS ARCH % ENG % QS % CON % Ave. %
“Tonservative NGUSHTY 18 SIOW 1o change 16 18 18 33 20
Projeel diiveni industy with SR term 18 27 18 15 T4
outiook
Complex/Fagmented mousry B 15 e 8 18
BUSCEptbINty Of Induslry 10 Sconomic 14 15 8 27 14
climate
WMajority of companies in he naustry 3 15 3 ¢] 7
are SMEs
Majoriy of clients are nol constuchon E:] 3 5 4] 4
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In the Canadian study Rivard (2000) reported that most documents were still sent by
non-digital means. The main barriers to widespread exchange of documents by digital
means were:
e Slow internet connections
¢ Lack of common standards that would permit the exchange of data
among software applications
o This mode of communication has not been integrated into the
business culture of the Canadian construction industry

Rivard (2000) also points out that Canadian firms have indicated that there were cost
increases associated with IT investment process, complexity and administration needs of
doing work. The Canadian firms also reported their desire to see more research in the
areas of implementation of computer-aided design and construction, and the
development of new design tools that would facilitate cooperative work efforts in
construction projects.

One of the IT applications used in the construction industry is the project management
software used in project planning, scheduling and control. Liberatore et al (2001)
reported in their study on the use of project management software by construction
professionals that 97% of the respondents indicated that they had used project
management software in the previous 12 months. Construction professionals also
indicated that they used critical path analysis software frequently in planning and control
of projects.

In Liberatore et al (2000)'s study the construction professionals indicated their desire for
future research in:
o Integration of project management software with software packages
for other activities like materials management and financial control.
¢ Increased flexibility of project management software during project
changes
» Improved software capabilities to communicate with field sites
¢ Improved capabilities to handle project uncertainties/risk
¢ |mproved methods to forecast activity duration
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Electronic Data interchange (EDI) is the electronic transfer of structured data from one
computer system to another connected by a communication link. According to McKellar
and Akintoye (1997) EDI facilitates effective interchange of documents like invoices and
purchase orders. Successful adoption has been seen in automotive, electronic and retail
sectors. EDI is well developed in transportation and shipping industry where a large
volume of customs clearance is effected. One of the key characteristics of the
construction process is a large exchange of information between various participants like
owners, quantity surveyors, architects, local authorities, suppliers, engineers and in
some cases special interest groups. Effective communication is one of the fundamental
requirements for successful completion of a project. Electronic Document Interchange,
as an information technology tool, can facilitate this communication link. McKellar and
Akintoye (1997) envisage that EDI is largely applied in the exchange of construction
project documentation like contracts, bill of quantities, and tender enquiries. EDI is
largely an inter-organisational information system (IOS) involving information flow
between two or more organisations. Turban et al. (2001) argues that EDI is a direct
response of two business pressures; a growing need to reduce costs and a need to
improve effectiveness and timeliness of business process. Turban et al. (p. 256, 2001)
illustrated major benefits of EDI as shown in Table 2 on the next page. Research
indicates that as much as 10% of the construction industry uses EDI (RCSI, 1997). One
of the reasons for this situation is that the costs of buying EDI are still high; so as long as
there are cheaper options for construction companies, they will go for those options.
Success in the implementation of EDI is dependent on a company’s trading partners also
adopting the technology. Otherwise if a trading partner does not have similar
technologies the trading parties would experience problems related to incompatible data
during the exchange process.
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Table 2: Benefits of Electronic Data Interchange (Source: Turban et al., p. 256, 2001)

Benefit How Beneflt is Achieved
Speed, Volume s EOI enables companies to send and receive large amounts of routine
transaction information quickly around the globe in a paperless
environment.

» Sales and other information is delivered to manufacturers, shippers, and
warehouses almost in real time.

« Once ED! documents are received, they are automatically forwarded to the
appropriate department for processing

Accuracy e« There are very few erors in the transformed data as a result of computer-
to- computer data transfer. Information is also consistent.

Collaboration s Companies can access partners databases 1o retrieve and store standard
transactions.

Commitment « EDIfosters true {(and strategic) partnership relationships, since it involves a
commitment to a long-term investment and the refinement of the system
over time.

Profit s The time for collecting payments can be shoriened by several weeks,

benefiting the recipients of payments.

Cost Savings ¢ EDI creates a complete paperless transfer processing environment, saving
money and increasing efficiency.

e EDI enables a justin-time environment, which means lower (or no)
inventories for manufacturers,

Electronic document management system (EDM) is an IT administrative and
communications tool for automation of electronic documents thorough their entire life
cycle in an organisation. EDM is used to store information such as scanned faxes,
pictures, images and drawing, word-processing documents, spreadsheet and database
reports. The four main functional application areas of EDM are: document image
processing, which stores electronic copies of documents; full text retrieval systems,
which are computer programs that allows for searching and retrieval of information using
keywords; and automatic document capture, which include bar coding, optical mark
recognition, optical character recognition and intelligent character recognition. After
reviewing document and information exchange during contract administrative process
Gyampoh-Vidogah et al. (1999) have suggested that EDM technology could be applied
in the construction contract management process. They envisage that EDM technology
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could be used to capture all information from accounting, planning, valuation, estimating
and cashflow forecasting functions within a construction organisation to facilitate easier
access to the information during contract administrative process. Gympoh-Vidogah et al
(p. 66, 1999) have suggested that in the context of contract administrative process, EDM
offers the following benefits:

e Speedy preparation of documents

¢ Reduced cost of managing contract documents

o Efficient access and retrieval from all relevant information sources

» Reduced cost of storing and managing paper

¢ Reduction in (contract) disputes through more efficient and effective

documentation

An example of successful implementation of EDM technologies is presented as a case
study attached as Appendix I.

2.3.2 South African Research on Information Technologies in Construction

Among the few projects that have been carried out by the Centre for Scientific and
Industrial Research (CSIR) in the building industry are a benchmarking marking exercise
and “IT Health Check” for the South African construction industry. The benchmarking
exercise was carried out in 1998 focusing “on the extent of the use of information
technology to integrate various sub-processes on local construction sites, thereby
highlighting areas of productivity improvement” (CSIR, 1999, unpublished). The South
African construction industry Health Check was essentially an exercise to ascertain the
extent of IT in the construction industry when compared to other international countries.
The benchmarking exercise was a project for mapping of construction site processes in
the South African construction industry. Due to time constraints the CSIR did not map
the construction site processes involving the use of IT in the construction industry.

The “IT Health Check” in the South African construction industry was carried out with 22
leading (based on turmnover) South African construction companies focusing on: the
position of IT within the competition business strategy of the company; the role of IT
within the organisation; and the current IT strategy of the company. Only companies with
a substantial annual turnover were involved in the survey. The “IT Health Check”
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questions were general in nature covering two broad areas of competition and business
strategy, and IT strategy in a company.

The outcome of the exercise indicated that leading South African companies used IT
(CSIR document, unpublished):

e to support corporate goals and objectives

o as part of competitive strategy

o to meet clients’ requirements more effectively
For the type of score used to analyse the survey responses, the South African
companies scored closest to the UK companies and better than the Hong Kong and
Australian companies. The areas where the South African construction companies
performed relatively poorly were:

o influence of IT on marketing strategy

e lack of fully developed IT departments responsible for

strategy and business.
e use of process tools with full information sharing

2.4 Summaries of Literature Reviewed

The extent of the use and application of information technologies (IT) in the construction
industry is a growing field of research. Some (limited) published research in the area of
information technologies in construction is readily available from foreign studies. Very
little published research in this area is available in South Africa. Some of the literature
that was reviewed indicates that there is a perception within the construction industry
that the industry needs efficient management processes in order to sustain itself. The
use and application of information technologies is seen as one of the performance
improvement tools that could be used to support construction management processes.

It also appears that there is a growing effort to collaborate and share the results of
studies carried out in the construction industries around the world. Some of the previous
studies carried out in other countries have been carried out specifically to obtain data
that could be used to benchmark IT applications in the construction industry.
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Results from previous surveys are varied; there are some practitioners in the
construction industry who feel that the productivities of some construction processes like
administration and material management have improved as a result of the introduction of
IT. Others feel that there has been little change as a result of the introduction of IT in
some processes like project management. Some construction respondents from those
surveys discussed in the preceding sections have indicated that IT is not being used to
its full potential. This is often attributed to the lack of a clear IT strategy in a company.

The introduction of IT tools like Electronic Document Interchange (EDI) and Electronic
Document Management (EDM) has been successfully implemented in some cases. EDI
is applied in the construction industry to facilitate exchange of project information. An
example of an IT initiative that incorporates some aspects of EDI is Infegrated Project
Services (IPROS) developed by the CSIR in South Africa. IPROS is an internet-based
project communication that allows for sharing of project information via the internet. EDM
is administrative and communication tool for automation of electronic document through
its entire life cycle. An example of a successful implementation of EDM is attached in

Appendix |

This review of literature influenced the methodology of carrying out the study described

in the next section.
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3 RESEARCH DESIGN AND METHODOLOGY

The philosophy and research methodology that guided this research are explained in
this section. At philosophical level the research (learning) process takes the form of
Figure 5 below:

A/P;;emsm——ﬂon\
Confext\ eory

Intervention

Pf'ﬂCflce Where EL = Experiential Learning

Figure 5: Research Learning Process

A researcher (whether academic researcher or industrial practitioner) starts by
identifying a condition or particular situation that needs to be explored. This interest
invariably starts as a broad question on that particular “problem situation”. The
researcher then formulates a theory about the problem situation. Questions like what is
happening? How does this occur and why? These questions and theory lead a
researcher to design an intervention mechanism like a research/project proposal. On
gaining approval to commence with the study, the researcher then carries out the study,
which can be in the form of mail survey or in-depth interviewing of people in the problem
situation. The interviews of a mail surveys allow the researcher to gain more
understanding about the context of the problem situation. Although the learning process
is described as consisting of distinct phases, there is some experiential learning through
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reflection. The learning process described above underpins the research methodology
and arguments developed thereof.

The research method adopted for this study was a questionnaire survey together with a
literature review. The questionnaire survey was designed to collect primary data on the
use and application of information technologies in the construction industry. Published
literature was used to collect secondary data. The questionnaire for this survey was a
slightly modified version of an IT barometer survey carried out in the construction
industry of Scandinavian countries (Howard et al 1998). The IT barometer questionnaire
is available on the Technical University of Denmark website http://gk48.gk.dtu.dik/~it/.
The final questionnaire for this study is attached at the end of the report as Appendix II.
it consists of five (5) sections covering company details, types of software, operating
systems, computer-aided design, IT systems, data and communication techniques,
Internet connectivity, IT investment decisions, impact of IT on construction productivity,
and obstacles to the greater use of IT in construction. The questionnaire was shortened
as it was felt some of the questions that appear in the IT barometer questionnaire were
not relevant in the South African construction environment. It was also felt that
shortening the questionnaire would appeal to respondents as compared to a long
questionnaire. The questionnaire therefore covered only six page of an A4 paper.

Following the preliminary design of the questionnaire, a pilot testing of the questionnaire
was carried out with a selected number of architectural practices, consulting engineering
and major building contractors operating in the Western Cape. In addition, the draft
questionnaire was forwarded to a senior lecturer at the Department of Construction
Economics and Management at the University of Cape Town (UCT) for his
consideration. The purpose of the pilot testing exercise was to test whether there were
any ambiguities contained in the questionnaire. During a follow-up of the pilot survey,
some of the respondents suggested that a questionnaire should be addressed to a
specific person in a company; otherwise few people would take the initiative to fill the
questionnaire and return it. In addition it emerged that one of the companies that was
sent the pilot study questionnaire was liquidated. Based on pilot study
recommendations, all the 45 companies identified for the study were telephoned first to
find out who would be the appropriate person to handle the questionnaire on behalf of
the company. By calling the companies before sending the questionnaire it was hoped

24



that this would improve the response rate. Figure B below illustrates the research

process for this mail survey.
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Figure 8 Survey Research Process

Following the pilot survey, and after incorporating some of the recommendations, the
survey guestionnaire was sent out to forty-five {(45) bullding contractors, architectural and
engineering companies operating in the Western Cape province of South Africa. Each
questionnaire was accompanied by a covering letter bearing the Engineering
Management letterhead. The letter stated the purpose of the study, and respondents
were offered the incentive of getting a summary of the results at the end of the project.

The list of these 45 architectural practices, construction engineering companies and
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building contractors was randomly selected from the Professions and Projects Register
listing, Cape Chamber of Commerce listing, and the Masters Builders Association
website. The Professions and Projects Register included some members of the South
African Institute of Architects, the South African Council of Architectural Profession, the
South African Federation of Civil Engineering Contractors and other professional

organisations.

The questionnaire was sent out during the second week of October 2001 with the
deadline set for the second week of November 2001. On making telephonic follow-ups of
the survey, some respondents indicated that they were still busy filling in the
questionnaire. In order to give some respondents more time the survey period was
extended by another week. At the time of making telephonic follow-ups, only 24% of the
respondents had returned a completed questionnaire. Whilst making this telephonic
follow-up, three companies indicated that they never received the questionnaire. It was
decided then to treat these three cases as non-respondents.

3.1 Response Rate

All the responses were captured into the computer as they were received. Out of 45
questionnaires that were sent out, 23 responses were received. This represents a total
response rate of 51%. It is noted that a higher response rate of 77% was received from
construction engineering firms, with the second highest response rate of 47% coming
from major building contractors. Architectural practices followed with 33% response rate.
The low response rate by architectural practices could be attributed to the fact that some
companies that were contacted indicated they had just completed a questionnaire from
another institution.
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Table 3: Response Rate

Construction Sub-Sector Original Number of | Response Rate
Number Sent replies {%}
Architecture 13 5 33
Consulting and Contract engineers 15 11 73
Major building contractors 15 7 47
TOTAL 45 £3 51

3.2 Validity of the Results

Although the total response rate was low, it is acceptable as the total response rate for
these kinds of surveys typically falls between 10% and 20% (Liberatone et al. 2001).
Furthermore Rivard (p. 38, 2000) asserts that the return rate of mail surveys in the

construction industry often revolves around 10%.

The survey method has some inherent weaknesses and limitations associated with it:

¢ Respondents can interpret some of the questions/concepts differently.

e Unlike structured interviews, the researcher misses the depth of interviewee’s

perspectives on the issues that are being addressed.

o There is a low response rate, therefore limiting the results to only those who

have responded.

» There is a possibility of sampling errors.

27



4 RESULTS AND ANALYSIS

This section presents the findings of the survey and how the patterns of response relate
to the objectives of the study. The questionnaire used for the survey was a six-page
document with questions covering the following sections:

o Company details

e Computer software and operating systems

e Access to computer systems and equipment

o Computer-aided-design

e Computerisation of construction processes

o Data and telecommunication covering Internet and intranet

e Influence of IT on business strategy

o Benefits of IT

e Obstacles on iT

4.1 Company details

The company details required by the questionnaire were firstly the type of company;
whether it was architectural, engineering, building contractor or any other type of
company other than these three. Secondly the respondents were required to fill in the
number of employees in their company, and to indicate how many of the total employees
were based in an office and how many were based at site.

As already highlighted in Section 3.1, 77% of construction engineers, 47% of major
building contractors and 33% of architects responded. Of all the architectural practices
that responded, the smallest number of employees was 3, and the maximum number of
employees was 12. For the engineering consultants and contractors, the smallest
company had 8 employees and the largest 500 employees. For building contractors, the
smallest number in a company was 103 and the highest was 4400 employees. The
disparity in the size of companies can be attributed to the fact that the companies
selected for the survey were selected randomly from available lists without any
knowledge of the size of the company. Some of the largest (in terms of the number of
employees) construction companies operate not only in the Western Cape but nationally
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as well. There is also evidence that some of these companies have carried out projects
in neighbouring countries like Lesotho, Swaziland, Namibia and Botswana.

Table 4 indicates that all the architectural firms that responded have all their employees
based in an office. This is in contrast to engineers and contractors who have employees
at their offices and at construction sites. Engineering companies have on average 83%
of their employees based at their offices and 17% based at construction sites. The
contractors have an average of 19% of their employees based in an office and 81%
based at construction sites. These breakdowns of the average percentages of
employees based in an office and at construction site appear reasonable since
architects and engineers do most of their work in offices while most building contractors
do most of their work at construction sites

Table 4: Average percentages of employees based In office and at site

Category of a Firm Percentage of total employees | Percentage of total employees
based in office (%) based at Site (%)
Architects 100 0
Engineers 83 17
Contractors 19 81

4.2 Computers in General

4.21 Computer Software and Operating Systems

This section was designed to find out about computer operating systems that are
currently used by construction companies. An operating system is a computer system
control-program that coordinates overall operation of the computer. It also allocates
memory to programs, and provides interface between the user and the computer
hardware (Turban et al., p G-12, 2001). The survey results indicate that Microsoft® (MS)
operating systems are dominant systems across all the three construction sectors.
Microsoft operating systems include MS Windows 95, MS Windows 98, MS Windows
2000, and MS Windows NT. It is interesting to note that none of the respondents is still
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using 008 operating, which is ong of the ariginal operating systems for IBEM personal

computers. The survey results for computer-operating systems are depicted in Figure 7.
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A characteristic feature of the UNLXY eperating system is that it "can be used on many
different sizes of computers and can support many different hardware devices® (Turban
et al., p.103, 20013 UNIX howevear appears to be used by 20% or less of cantractars,
architectural and engineering companies. in addition to Windows operating systems,
other respondents use IBM O85/400 and Novell Netwark, It can also be dedused fram
Figure 7 that a significant number of companies are still using MS Windowe 95 although
the later versions of ME Windows operating systems like M5 Windoves %8 have heen on
the market far the last four yvears now, One possible explanation for the continuad use of
garlier versions of MS aperating systems is that the latest versions are perceived as

effering no major improvemeants to warrant spending maney on the upgrades.
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4.2 2 Computer Software Usage

In this section, the respondents were reguested to indicate the type of software they
used for spreadsheet, project planning, databases, emall and word processing. Figure &

tlustrates the proportion of software usage in each of the three sectors.
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Micresoft software products dominate in gl the areas identified above, From the results
of the survey, M3 Word is observed as the leading word processor; MS Excel is the
leading software in spreadsheet: M3 Project in project planning: MS Access in database
applicatigns; and M3 mail systems lead in email applications, Over 80% of respondents
use MS Word for word processing and a similar gproportion use M5 Excel for
spreadsheet, and M5 Mail for amail applications. About 20% of architectural and
angineening respondents use Wordperfec! for word processing and a similar proportion
Use Quatro Bro for spreadsheet applications. Other computer software packages appear
te be used anly in certain sectors of the construction industry: Genesis software is used
by 40% of architects and Construction Computer Software {CCS) is used by 57% of
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contractors. There is a large number of software products available in the market such
that a software product is chosen based on individual preference, cost, and ease of use.
In addition to the above computer software packages, others used in the three sub-
sectors are listed below. The numbers in brackets indicate the percentages of
respondents using the software in each of the three sub-sectors.

o Engineering: Open Plan software, which is an enterprise-wide project
management software claimed to be used for managing d
multiple projects (4%).
Oracle, for emailing, database management, and server
management (4%).
Project Scheduler, a project management software (4%).

o Contractors: Sure Trak Scheduler software, project control/planning,
software (14%).
Lotus Notes, integrated internet-based emailing, and
calendaring computer application (14%).
ACCPAC, an accounting systems software (14%).
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4.2.3 Proportion of staff with access to computer equipment/systems

The purpose of this section was to gather information on the proportion of staff that has:

been allocated a personal computer at the workplace

own email address with the company

own mobile phone (cell phone) financed by the company

been provided with a hand-held computer that can link with a personal
computer.

a personal computer at home rented by the employee

a personal computer at home financed by the company

Only the first two points from the above list are discussed in this section. The other

points were not marked by a significant number of respondents to warrant a discussion.

The results of this section present a sense of the level of computerisation in a company.

The respondents were required to indicate the percentages of the total staff that have

been allocated a PC or terminal at the workplace. These percentages of PC allocation

were grouped into three categories: that is 0-49%, 50-89%, and 90% & greater. Figure 9
shows that 15% of the respondents have 0-49% of their total staff supplied with a PC at
work. In the other category, 25% of the respondents have supplied their staff with a PC

at work. The significance of these results is that the majority of the respondents (60%)

have at least 90% of their total staff supplied with personal computers at the workplace.
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Four aut of five (809 architectural firms indicated tihat all membors of their stafl have
beer a2llocated POs at work, These architectural respondents reprasent 57% of all the
total respondents in the survey who have all their employess allocated & personal
compuier of terminal at work. This suggests that these companies have embraced the
mportance of personzl computers n the workplace and have ensured that each
employes is provided with one, As mentioned in Section 4.1, the largest architectural
firm had 12 emplayees, 1t is therefare reasonable to assurme that a company of this size
cac afford to provide all its employeos with PCs at worke. This might explaic why 2 larger
numbear {3%) of architectural respondents have supplied all their staff with a PC at
work, Another cxplanatios for this apparont disparity ol computer zllocations in the
canstructioe sub-sectors might be the fact the wark doce by engineericg and building
contiactors is gecorally labour intensive. The respocdects who have provided their stalf
with 2 PC at work also reporled that thay have some Kicd of 1T stratogy e place, oither in

oral ar written form. The results of an 1T strategy survey are discussed in Section 4.6

34



Dwring the last ten years, e-mail has become a very important channe! of electronic
communication. Initially email was used mainly for sending simple text messages
between two or more people but it has improved significantly such that nowadays people
can excharnge project information such as project briefs, pictures and technical

documentis, E-mail is discussed further in Secticn 4,

Figure 10 represents the proportions of total staff that have been allocated with their own
email addresses by their companies. The three categories, that is 0-49%, 50-798%, and
20% & greater reprasent the proporticns of {otal staff that have been assigned with their
own amail addresses by their companies. The survey results show that 25% of the
construction comparnies have 0-49% of their total staff with own email addresses.
Combining percantages of the other two categories would indicate that the majority of
the construction companies have allocated at least 50% of their empioyees with email
addresses. Depending on the degree of computerisation in a company, the company
might allocate email addrasses to only key staff members or only members of staff who

read it.
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4.3 Computer-Aided Design

Computer-Aided Design (CAD) is the design and construction of drawings using
computer software. CAD allows designers (in construction usually engineers or
architects) to manipulate drawing parameters while simultaneously observing the effects
of doing so. It is learnt from practice that CAD has reduced development-time not only in
construction environment but in other industries like automotive and manufacturing
industries as well. Modifications can be made on “old” and new drawings as well. Most
CAD software offers a 2-dimensional and 3-dimensional representation of drawings.
Two-dimensional drawings represent closely what can be drawn by hand. On the other
hand 3-dimensional capacity of CAD systems allows for representation of much high
complexity than what can be drawn by hand. Examples of 3-dimensional representations
are computer product models and prototypes.

One of the survey questions asked the respondents whether they used CAD. Table 5
below shows that all the architectural and engineering respondents used CAD. This
suggests that CAD has become an integral part of architecture and engineering
construction processes. However, only 43% of building contractors use CAD. This can
be expected since architects and engineers usually carry out the design work whilst
building contractors construct a specific architectural or engineering design. Building
contractors participate mainly in downstream construction processes.

Table 5. Percentages of companies using CAD

Category of a Firm % of firms using % of firms not
CAD using CAD
Architecture 100 0
Engineenng 00 0
Contractors 43 57

Of the 57% of building contractors, who indicated that they didn't use CAD, 75% of them
indicated that they do not need it. '

In the area of computer-aided design, the survey was also intended to establish the
extent of the design time that was taken by drawing by hand, AutoCAD, AutoCAD LT
and Microstation CAD software applications. However, the majority of the respondents
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just indicated the type of CAD software application they used in their operations. With
this in mind, Figure 11 instead presents the commercially available software used in
design work in the construction industry. The percentages of engineering respondents
using the design software as represented by Figure 171 appear to add to more than
100% bacause most of the respondents indicated that they used maore than one CAD

software package.
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Figure 11 Commercially avaflable soffware used for dasign work

There is a good number of commercialiy available CAD software in the market such as
those shown in Figure 11. The survey results show that architectural firms use Genesrss,
AutaCAL, and AllvCAD software as marked respectively by 20%, 20% and 40% of

respondents. In enginesring, 5% of respondents use AwloCAD and 65% use AufoCAD
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LT, AutoCAD LT being a low cost alternative of AutoCAD systems. Building contractors
have indicated that drawing is done using AutoCAD and AufoCAD LT software. Other
noticeable CAD software packages used in the market are Microststion and Prokon.

The respondents were also asked to indicate the percentages of the total design time
that is taken by drawing by hand. The respondents did not indicate the percentages of
the total design time attributed to drawing by hand; instead they just indicated that they
do some of the design work by hand. This data was analysed accordingly to find out how
many companies still carried out some of their design work by hand drafting. Fram the
survey results, two in five of architectural firms and four in five of engineering firms use

hand drawing.

38



4.4 IT systems

441 Computerisation of Processes

The survey also gathered data on the extent of computerisation of business pracesses in
construction firms. The business processes that were considered were bookkeeping,
inveiting, work descriptions, technical caleulations, bill of guantities, scheduing or
resource planning, material control, cost or budgeting. tendering and marketing. The
respondents were requested to mark the extent of computerisation of their business
processes as 1-38%. 40-58%. 60-100%. In addition the respondents were requested to
indicate those listed business processes that were operated manually. To clarify the
diagram, the three categories of 1-32%, 40-59% and 60-100% are respectively defined

as low, fair and high extent of computerisation,
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Figure 12: Extent of computerisation of business processes
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Figure 12 indicates that costing/budgeting, bookkeeping, bilt of quantities, invoicing and
scheduling/rescurce planning are considered by at least 80% of respondents as highly
computerised, None of the respondents indicated that they do any manual bookkeeping
or costing/budgeting. This then suggests that bookkeeping and costing/budgeting
operatichs are all computerised. Some of the bookkeeping operations are payroll
preparation, recording, processing and analysis of financial transactions. In small
companies, bookkeeping can be managed by using fairly priced spreadsheet
applications like MS Excel. However larger companies would probably use specialised
accounting computer packages like ACCPAC. The higher degree of computerisation of
bookkeeping and costing/budgeting operations appear to corrafate with the high usage
of computer software packages like MS Excef, MS Word and MS Project discussed in

the previous sections.

Liberatore et al. (2001) argued elsewhere that the high computensation of business
processes like costing/budgeting and schedulingfresource planning could be attributed
to an extensive use of critical path analysis for schedulefresource planning and contral,
and earned value analysis for control in the construction industry. Software applications
or systems associated with invoicing are mainly used in electronic data interchange
{discussed in Section 2.3.1). Project management software like Microsoft Project and
Primavera are used for scheduling and resource planning, and spreadsheet computer

vackages are used for costing and budgeting,

The processes that are only fairly computerised are marketing, material control and
technical calculation procssses. Considering that print and television media is accessed
by a farge section of the poputation, it is not surprsing that marketing is only fairly
computerised. Although the notion of marketing via the Internet is hailed as a major
breakthrough, it has yet to be embraced by construction companies. The survey results

also indicats that 20% of the respondents are still doing marketing operations manually,
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4.4.2 Electronic Transfer of Documents

The survey alse evaluated the extent at which documents are sent digitally in the
construction industry. Faxes are assumed to be a digital means of communication since
nowadays they hawve the capabilities to communicate with email systerms. In order to
establish the proportion of documents that are transferred by electtonic means in the
construction industry. the respondents weare required to indicate the proporticn of
documents (frem the list provided) that were sent by digital means, The proportions of
digital exchange of documents were categorised as 1-39%, 40-5%% and 60-100% or if
possible whether the documents were strictly sent in traditional mede (manual) of
exchange. Figute 13 shows the percentages of respondents who sent varicus types of

documents by digital means.
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In the 60-100% digital exchange category, the majority of the respondents (68%) send
minutes of meetings digitally. This can be expected since minutes of meetings are
prepared presumably using wordprocessing software like Microsoff Word and Core/
Waordperfect, Documents prepared using these wordprocessing software applications
can be easily sent via email. If a document is fairly large to be sent as an email
attachment, it can be sent by other non-digital means. The main canclusion that can be
drawn from Figure 13 is that on average, only a third of the respondents send
documents by digital means. Again this appears to suggest that despite the plethora of
investments in computer applications and systems, the majority of documents are still

sent via non-digital means.

4.5 Data and communications

This section evaluates current network communication technologies in construction
companies. The rapid development of computer network technologies duning the |ast
decade is often regarded as the main driver of infarmation technologies. The [nternet
has developed from a simple netwark of computer within a small geographical area to
the now complex global network of computers for the exchange of information; it
transcends both eultural and geographical boundaries. The Intemnet is accessed in many
ways, connection via Local Area Network {LANY. via dial-up connection; and via
warldwide netwark, or on-line service, LAN i a connection of computers connected by
communication devices within the same premises. The Internet offers great potential for
the convergence of wireless communication technologies. This offers potential for the
use of cellular phones or other hand held devices to access Intemst and Intranst sites.
Intranets are essentially private networks of computers in a firm and its trading ar
collaborating partners. The main information contained in these sites includes corporate
information, company news, policies, procedures, prajects, and personnel information.
All the companies that responded to the survey indicated that they have access to the
Imternet. Table B8 shows the percentages of companies that have Intranets and

homepages in the [nternet,
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Tanle 6 Percentage of companies with Intranets and hamegages in the nternet

Category of Firm | Have Homepage Mo Homepage Have Intranet | No Intranet
on Internet an Internet
" Architacts 70 80 Ny 00
“Engineers i K T8 a2 S
Confractaors LT ' T4 = 4% 57

It was found that 82% of the engineering and 86% of major building contractors have

homepages on the Internet. However, only 20% of architectural practices had a

homepage on the Internet. For all those companies that have indicated that they do not

have homespages, 57% indicated that they ought to have one, again reinforcing the

perceived significance of the network communications. The majority of construction firms

do not have intranets as shown in Table 6.

4.6 |IT strategy

The survey also attempted to establish whather the construction companies have ary |T

strategies. Any type of a company strategy should be the guide that drives business

operations. Table 7 shows the response of the construction firms surveyed.

Table 71 [T Strategy in Construction Industyy

e IT Strategy Form of IT Strategy
Categdf:y_nf Have No Have IT o Written form Oral Both oral and written
Firm Strategy Strategy
i Architects a0 i i 75 §
Enginesars E 52 18 T o
—omEeEs | 28 T 71 R S i 0
TAVERAGES ] 71 . kT ki [ |

The results show that an average of 71% of the respondents have some form of IT

strategy: 34% have it in written form, 37% have it in oral form, and 6% have it in both

writter and oral form. Of those that indicated that they do not have an IT strategy, 50%

indicated that they need one, and 50% said it is not necessary.
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The guesticnnaire also gathered data on whether companies have made [T investments
in the last two years. Out of the 23 companies that responded to the survey, only one
company has not made any IT invesiments in the last two years, This means that 96 %
of respondants have invested in IT in the last two years, Of those who invested in IT,
64% indicated that IT investment has increased, 32% indicating that it has remained
constant, and only 4% indicated that it has been reduced. Table & shows how

investments in IT have changed in the |ast two years.

Table 8: Response on how investments in IT have charnged in he last two years

[ncreased Remained Constant Decreased
[ X! 32 g T

Regarding future |T investments, 52% indicate that they expect their companies to
increase investment in T in the next two years but 48% indicated that it would remain
constant. Beyond two years, 45% said H would increase and 55% said it would rermain

unchangead.

Takle B; Estimation on bow imvestments in 1T might changs in the future

Time Frame Increase " Remalin Constant | Decrease
[Athe noxt two years =4 43 [§]
l Eeyond two years 45 T BG - U

Given these survey results on IT strategy and investmeants, it is surprising that 96% of
construction companies have made IT investments in the last two years and yet only
34% of them have a formal written IT strategy: any formal written IT strategy should
guide companies on what kind of information technolegies they need, why they need IT,
and how they should implement the information technologies. With this apparent lack of
formal wntten IT strategies and continued investmant in information technologies, it
could be argued thal some of the failures in implementation of IT could be attributed to

lack of {or unclear) IT strategy.
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So what are the factors influencing decisions in IT investments? The results of the
survey are shawn in Figure 14, Respondants were asked to indicate whethar the listed
factors were “not important”, “slightly important”, "important” or "wery imperant” in
making decisions about IT investmants. Figure 14 shows that 55% of the respondents
feel that the desire to have sfficient administrative work is very important when making
decisions on |T investments. The other factors that ware considerad impertant in making
decisions on T investments are employes demand, competition, technical leadarshig,
and development of new products or service, it is interesting to note that ane fifth (20%)

of the respondents consider custormer-demand unimportant in making 1T investment
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Figure 14: Faciors offecting decision-making in IT investment
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4.7 Impact of IT in construction processes

In this section, the survey was designed t{o determine how 1T has affected the
construction processes. The results of the survey indicate both desirable and
undesirable changes. According to survey resulis, the most positive impact of IT has
been an ingreased quality of doguments. Quality of documents is improved by using
computer teols for 2diting. checking typing and spelling mistakes and making graphical
presentaticn of scme informaticn. Prior to adoption of |T systerns, documents were
prepared by hand and in some cases guality of documents was not up fo today's
standards as some people did not write legibly. Software |ike WS PowerPoinf has
improvemnent graphic presentation of documents significantly. The respondents further
indicated that the introduction of IT has Increased the speed of deing work. Work here
encocmpasses vancus precesses |ike document preparation, design. purchasing and
cther business processes. As shown in Figure 15, the construction industry has yet to

realise other benefits as result of the introduction of 1T in canstruction processes.
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Close to half of the respondents feel that the introduction of IT has largely made no
difference in the complexity of work, the proportion of doing new work, the number of
construction errors. Furthermore, the respondents feel |T has neither made any
difference nor reduced; the number of mistakes in documentation, and the administration
needs. The main conelusion that can be drawn from analysis of Figure 15 is that the

intreduction of IT in construction has not brought effective changes.

4.2 Perceived Effect of IT on Productivity of Business Activities

The obtective of this section was to establish whether the intreduction of IT has had any
effect an the productivity of construchan business activitias. Figure 16 shows that in most
cases the intreduction of |T has either increased the productivities of same businass
activities ar they have remained unchanged. The majerity of the respandents indicate
that the productivities of general administration, project management, design and site

managemsant have increased as a result of the introduction of information technologies.
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In management of projects, improvements can be attributed to the emergence of project
management software; in design due to CAD systems, in site management due to
improved communication technologies; and in general administration due to back-office
applications ke wordprocessing, spreadshest and accounting computer systems,
However respondents indicated that IT hag not had any impact on the productivity of

material administration, property and purchasing.

4.9 Pianned Areas for Increase in the Use of Information Technologies

Figure 17 indicates areas of planned increase in the use of [T, According to the survey
results, 48% of respondents plan to increase [T investment, that is, introduce more
computer tools in computer-aided design and handling of documents. & further 35% of
respondents plan to invest more in accounting systems. Computerised accounting
systems offer faster caloulations and easier editing of accounts. Fram Figure 17, the
construction respondents appear to be less interested in investing in areas of computer
product modeling, virtual reality, property information, electronic trading, and project

management.
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Figure 17: Areas planned for investment in information techna.idgies
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4.10 Perceived Benefits of IT in Construction Industry

The main benefits on the use and application of information technologies in construction
industry are represented in Figure 18. The respondents indicated that introduction of
information technologies in construction has led to better communication, better quality
of work, possibility of sharing common information, better financial control, and simpler
and faster access to information. Each of the perceived benefits listed above were
marked by at least two-thirds {87%;) of the respondents. The ability to do work quickly is
again marked as ane of the benefits brought by the introduction of |T in construction.
The notions of adopting |IT to; attract new staff, use less paper during construction
operations, satisfy customer or reduce the number of staff, do not appear to have

provided the respondents with any benefits.

FPerceived Benefits Brought by introduction of IT in the construction
industry

Better communications

Better quality of waork
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Figure 18: Perceived Beneffts of IT fn Consfruction indusiry
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4.11 Obstacles to Greater Use of IT in Construction

The survey resulls show that the greatest obstacles to the greater use of IT in
construction are continual demand for upgrading hardware or software, and high
investment cosis. As Figure 19 shows, 29% of respondents marked these two obstacles
as the greatest obstades. Other cbstacles selected by 12% of the respondents are the
greater know-how required from staff and reduced security as result of Implementation
IT. Those selected by less than 10% of respondents are lack of commitment from
management, declsion-makers having no time for IT efforts, and lack of standards and
coordination problems. None of the respondents indicated that, over-abundance of
Information, difficulty in assessing investments, extra work in the form of unnecessary
data input, risk associated with IT, or that preferred old ways that work well were
inhibiting the greater use of IT in construction.
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Figure 18: Obstacles to greater use of IT in construction
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5 CONCLUSIONS

Conclusions arising from the survey that was carried out with companies operating in the

construction industry in the Western Cape are that:

Across all the three construction sub-sectors, 60% of the companies have
supplied at least 90% of their total employees with personal computers (PCs)
at work. The extent of supply of PCs to employees depends on the type of
the company: architectural companies tend to be small and based in an office
and therefore supply the majority of their employees with PCs; engineers and
contractors tend to have a large number of employees and therefore provide
a limited number of their employees with personal computers.

There are numerous computer software packages and operating systems
available in the market. Some companies have indicated that they are using
more than one operating system, wordprocessing and spreadsheet
applications. The construction firms in the Western Cape appear to use
similar computer software packages for general administration. However, the
survey results indicate apparent differences in the types of computer software
packages used in project design, planning, construction and control. Genesis
and CCS appear to be used exclusively by architects and building contractors
respectively, but nevertheless is smooth exchange of data between the
architects, engineers and contractors?

Computer Aided Design (CAD) has become a key software package for
architects and engineers. The survey shows that all the architectural and
engineering firms use CAD, whilst only 43% of contractors use it. The other
53% indicated that they do not need CAD.

Closely related to the use of CAD in the construction industry is the
availability of software packages for design. There is a significant number of
design software packages used in the construction industry. The survey
results show that there are at least eight (8) different computer software
packages used by engineering firms alone.
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The survey reveals that many construction processes like invoicing,
bookkeeping, costing, budgeting, tender documentation, bill of quantities,
scheduling and planning are highly computerised. However marketing
operations and material management activities are still carried out with little

or no use of computers.

Construction companies appear to be embracing IT communication channels
like email system and the Internet. The survey indicates that 70% of the
construction companies have allocated at least half of their total employees
with email addresses. A company might choose to allocate email addresses
to only limited members of staff. All the companies surveyed have indicated
that they have access to the Intemet. The majority of these companies have
homepages on the Internet, with those that don't have homepages indicating
the desire to have them. The company Internet sites (homepages) typically
contain corporate information, policies, company news and project
information.

The digital transfer of documents is used mainly to exchange minutes of
meetings. This is illustrated by the 68% of the respondents who have
indicated that 60-100% of the minutes of meetings are exchanged digitally.
Tender enquiries, draft documents, brief sketches and quality test results are
still exchanged via non-digital means. The survey did not address the
reasons for exchanging documents by digital means.

How do construction companies invest in IT? A partial answer to this is given
by the survey results that show that 96% of the respondents have invested in
IT in the last two years. For those companies that have invested in IT, 64% of
them indicated that IT investments have increased in the last two years, and
32% have kept the level of IT investments unchanged. Only 4% of the
respondents have reduced IT investments. 52% of the respondents plan to
increase IT investments in the next two years.

Given this pattern of IT investments, do the construction companies have IT
strategies in place? It is surprising that with 96% of the respondents having
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invested in IT in the last two years, only 34% of the respondents have their IT
strategy in written form, and 37% of them have it in oral form. This then
suggests that some of the construction companies are investing in IT without
any clear IT strategy. If that is the case, what guides those companies
investing in IT on what information technologies they need to buy? Why do
they need IT, and how they should implement these information
technologies?

Although there is an apparent mismatch between the formulation of IT
strategies and IT investments as discussed above, more than half of the
respondents have indicated that decisions on making IT investments are
driven by the desire to have more efficient administrative purposes, employee
demands, the desire to be ahead of competitors, and the desire to be ahead
technically. In the construction industry, customer demands seem to have
little influence in planning for IT investments.

What changes have been brought by the introduction of information
technologies in construction? The survey shows that the use and application
of IT in construction has led to the improved quality of documents, and has
also increased the speed (efficiency) of doing work. However the survey
shows that the use and application of IT has neither had any impact nor
reduced the administrative needs, the proportion of new work, the complexity
of work, the number of mistakes in documents, or the number of construction
errors. The main conclusion that can be drawn from these results is that the
use and application of information technologies in the construction industry
does not appear to have improved the core business processes.

The survey also reveals that the construction companies plan to make further
investment in computer-aided design, document handling, portable/mobile
systems, accounting systems and the Internet. Many companies did not
indicate much interest in investing in electronic trading, computer product
modelling, virtual reality and property information.
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o Although some companies are planning to invest in IT, they are prevented
from doing so due to the continual demand for upgrading hardware and
software, and investment costs which are currently too high. The greater
know-how required from staff and reduced security due to the use of
information technologies are noted by 24% of the respondents as preventing
the greater use of IT in construction.

Based on the results of the survey it is concluded here that the first and second
objectives of the thesis have been met. The third objective was only partially met since it
was realised at the end of the survey that the questionnaire did not gather enough
detailed information to be able to develop strategies for the use of information
technologies in the construction industry.
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6 RECOMMENDATIONS FOR IMPROVEMENTS

On the basis of the survey results and secondary data from authoritative literature it is

suggested here that further research (empirical research in particular) need to be carried

out with local construction companies such that the outcomes of this research could

benefit the construction industry. More research should examine the application of IT to

the core business (without being too technical) so that any construction firm could use

that information as a guide to formulate IT strategy or for investing in new information

technologies.

Other recommendations and guidelines for improvements are suggested below:

Construction processes should not be seen as distinct phases of project design,
planning, estimating and execution; but they should be seen in holistic terms
where construction participants are involved at every level of the process. Figure
19 below illustrates this systemic approach:

Design & Costing (architects,
engineers, quantity surveyors)

Facility management (facility

managers, owners) <

Planning (project managers,
snginsers)

Construction {building
contractors, engineers)

Figure 20: Proposed integrated Construction Process
This approach would ensure that project participants are briefed at all stages of

the projects. Their participation would however depend on the stage of the
project.
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Opportunities for the increased adoption of information technologies should be
explored beyond the areas of document handling and administration needs.
According to the survey respondents, computer tools have improved preparation
and presentation of administration documents like accounting reports, minutes of
meetings and contracts. But there is still a need to explore other areas like the

adoption of information technologies to integrate construction processes.

Integration of construction (project phases) processes should be explored
through academic and industrial collaboration. Although there is a possibility of
doing in-house integration of stand-alone computer applications, this does not
offer cost effective solutions in the long run. Instead integration of software
systems should start at the software development stage to incorporate design,
costing, planning, scheduling, and accounting into computer systems, beyond
what is offered by typical project management software or CAD applications. By
doing so, the construction industry would improve compatibility of data between
the design, planning, construction and maintenance processes. This would
facilitate closer interchange of data between architects, engineers and
contractors. Should the oconstruction industry improve the compatibility of
computer software used in the industry, it could gain some cost savings by
reducing the number of computer software packages that are currently used in
the industry.

By consistently using computer tools to exchange data and information during the
construction process, there is a possibility of improving efficiency and productivity
in the construction industry. Sustained efficiency and productivity of business
processes are the hallmarks of the continuous improvement programmes.

Construction companies should formulate IT strategy before making substantial
IT investments. The process of formulating IT strategy would in all likelihood
differ from company to company, but potential users of the information
technologies should be allowed to make an input. The IT strategy should be
written to address the following questions: what information technologies are
needed in the company? Why are they needed? And how is IT going to be

implemented.
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< As part of IT strategy, attempts should be made to assess the (measurable)
value of the use and introduction of IT in the construction company particularly to
the business results.

< Since the introduction of information technologies in the construction does not

appear to have improved the core business process, future research should
focus on finding out what contribute to this seemingly ineffectiveness of IT.

57



7 REFERENCES AND BIBLIOGRAPHY

Akintoye, A. & McKellar, T. (1997) “Electronic Data Interchange in the UK Construction
Industry”, London: Royal Institution of Chartered Surveyors.

Alreck, P. L. and Settle, R. B. (1995) “The Survey Research Handbook”, (2" Edn)

Boston: lrwin McGraw-Hill.

Anumba, C. J (1998) “Industry Uptake of Construction IT Innovations — Key Elements of
a Proactive Strategy”, The Life — Cycle of Construction IT Innovations: Technology
Transfer from Research to Practice Proceedings of the CIB/w78 Conference June 3-5,
Stockholm.

Aouad, G. and Sun, M. (2000) “Integration Technologies to Support Organisational
Changes in the Construction Industry”, 7 ISPE International Conference on Concurrent
Engineering, 17-20 July, Lyon.

Aouad, G, Alshawi, M, and Bee, 8. (1996) “Priority Topics for Construction Information
Technology”, International Journal of Construction Information Technology, Vol. 4 (2),
45-67.

Back, W.E, & Bell, C.L, (1995) “Quantifying Process Benefits of Electronic Data
Management Technologies”, Journal of Construction Engineering and Management, Vol.
121 (4), 415-421.

Bjork, Bo-Christer, (2000) “The Survey on the Impact of Information Technology on the
Canadian Architecture, Engineering and Construction Industry” cited August 2001,
Avazilable from the Internet <URL.: http://itcon.org/2000/3

Bloomfield, D. P. (1998) “The Role of Case Studies in the Uptake of Innovation in
Construction IT", The Life — Cycle of Construction IT Innovations: Technology Transfer
from Research to Practice Proceedings of the CIB/w78 Conference June 3-5,
Stockholm.

58



Burns, R. B. (1997) “Introduction to Research Methods” (3™ Edn), South Melbourne:
Addison Wesley Longman.

Coetzee, G. and Boshoff, N. (1998) “The Use of Electronic Commerce in the Material
Procurement in South African Construction Industry”, The Life ~ Cycle of Construction IT
Innovations: Technology Transfer from Research to Practice, Proceedings of the
CIB/w78 Conference June 3-5, Stockholm.

Construct IT. Centre of Excellence (1997) “A Health Check of the Strategic Exploitation
of IT, London: Construct IT Centre of Excellence

Elzarka, H. (2001) “Computer Integrated Construction for Small and Medium
Contractors”. A paper at Associated Schools of Construction Proceedings of the 37"
Annual Conference held in Denver, Colorado on 4-7" April 2001. Denver, pp. 255-262,
Available on line: http://asceditor.unl.edu/archives/2001/elzarka01.htm

Flower, F.T. (1993) “Survey Research Methods” (2™ Edn), California: Sage Publications,
inc.

Galliers, R.D. and Baets W.R.J (Editors) (1998) “Information Technology and
Organizational Transformation”, Chichester: John Wiley and Sons

Greenfield, T. (Ed) (1996) “Research Methods: Guidance for Postgraduates”, London:
Arnold Publishing.

Gyampoh-Vidogah, R., Proverbs, D., Chen, J. F., Holt, G. D., and Moreton, R. (1999)
“Cutting Construction Costs: EDMS as an Administrative and Communication Tool”,
International Journal of Construction Information Technology, Vol. 7 (2): 59-72.

Howard, R., Kiviniemi, A., Samuelson, O. (1998) “Surveys of IT in the Construction
Industry and Experience of the IT Barometer in Scandinavia®, ITCon Vol. 3 [Online]
http://itcon.ora/1998/4 (Accessed Sept. 2001)

59



Lascelles, D. & Peacock, R. (1996) “Self-Assessment for Business Excellence”,
Berkshire: McGraw-Hill Book Company

Liberatore, J.M, Pollack-Johnson, B., Smith, C.A (2001) “Project Management in
Construction: Software use and Research Directions”, Journal of Construction
Engineering and Management, Vol. 127 (2). 101-107, March/April.

Mauch, E.J, & Birch, J.W (1983) Guidelines to the Successful Thesis & Dissertation,
New York: MARCEL PERKER.

Mouton, J (2001) How to Succeed in Your Masters and Doctoral Studies, Pretoria: van
Schaik Publications

Neuman, L.W (2000) “Social Research Methods: Qualitative and Quantitative Research
Methods, Boston: Allyn and Bacon, Chapter 10

O'Brien, M. & Al-Soufi, A. (1994) “A Survey of data Communication in the UK
Construction Industry”, Construction Management and Economics, Vol. 12, 457-465.

O'Brien, M. J. (1996) “A Strategy for Achieving Data Integration in Construction”,
International Journal of Construction Information Technology, Vol. 4 (1): 21-34.

O'Brien, M. J. (1997) “Integration at the Limit: Construction Systems”, International
Journal of Construction Information Technology, Vol. 5 (1): 89-98.

Republic of South Africa (2000) “Construction industry Development Board Act, 2000”,
Act No. 38, 2000. Government Gazette 21755:1161, 17 Nov

Royal Institution of Chartered Surveyors (1997) “Electronic Data Interchange in the UK
Construction Industry”, London: Royal Institution of Chartered Surveyors

South African Reserve Bank (2001) “Quarterly Bulletin®, No. 222, December 2001

60



Suhanic, G. (1998) “Roadblocks to Successful Integration of Computer Tools in the
Construction Industry”, Cost Engineering, Vol. 40 (3): 25-29, March

Targett, D., Grimshaw, D.J. and Powell, P. (Eds) (1999) “IT in Business”, Oxford:
Butterworth-Heinemann

Thomas, K. (1999) “A Study of the Use of Information Technology in the Republic of
ireland Construction Sector”, International Journal of Construction Information
Technology, Vol. 7(1). 21-34

Turban, E., Rainer, R.K, Potter, R.E (2001) Introduction to Information Technology, New
York: John Wiley & Sons.

Turner, J.A (1998) The Role of Information Technology in Organisational Transformation

Van der Heijden, K. (1996) Scenarios: the Art of Strategic Conversation, Chichester:
John Wiley & Sons.

Van Grembergen, W. (2001) “Information Technology Evaluation Methods &
Management”, Hershey: ldea Group Publishing

61



8 APPENDICES

8.1 Appendix I: Case Study on Electronic Document Management

The Construction Best Practice Programme (CBPP) is the UK government initiative that
identifies, publicises and supports the use of improved business and management
practices for the construction industry. It is funded by the Department of Trade and
Industry and is steered by the Government and the Construction Industry Board. One of
the initiatives of CBPP is the IT Construction Best Practice Programme (ITCBP), which
in turn identifies, publicises and supports the use of IT to improve business and
management practices for the construction industry. ITCBP publishes a number of case
studies on IT use in construction industry. The following case study was published in
their website to illustrate successful application of electronic document management in

construction industry (http://www.itcbp.org.uk/itcbp).

Electronic Document Management at Foster and Partners Architects

Foster & Partners is an international firm of architects, designers and planners
employing over 400 staff working in its London headquarters and three other offices
around the world. Faced with enormous and rapidly expanding document archive, and
dissatisfied with microfilm as an archival medium, Foster & Partners successfully
implemented an Electronic Document Management system. Installed initially for drawing
archival purposes, the system has been extended in phases to other areas including the
management of financial documents, the operation of a digital print/mail room, and
intranet publication of documents.

Successfully phased implementation of EDM

In 1992, after 20 years, Foster & Partners had accumulated an archive of more than 1.5
million aperture cards, miles of microfilm, and a vast number of hardcopy drawings.
Concerned by the rapid growth of this archive and perceived disadvantages of microfilm
medium, Foster's directors initiated a review that encompassed document registration,

storage and retrieval, and reprographics and distribution.
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Phase 1 — Drawing archiving: At the end of 1994, a drawing archival system including
a server, three client workstations, large and small format scanners, two plotters/printers,
and CD storage were installed and software was customised to Foster’'s requirements.

Phase 2 — Iintegration with accounts: Document viewing was integrated with the firm’'s
accounting package. Accounting staff now refers to scanned copies of invoices,
timesheets and other financial documents when entering data into the accounts system.

Phase 3 — Correspondence on key projects: The system was extended to archiving of
correspondence on key projects, but for record purposes only.

Phase 4 -Digital Print/Mail Room: Incoming and outgoing documents are now
scanned, and the practice retains only scanned images of most external consultants’
documents.

Phase 5&6 — Intranet publication and upgrade to Drawing and Finance system:
Web browser technology is being exploited to provide more user-friendly access to
documents, and current uses include the publication of selected news clippings via the
firm's Intranet.

The company lists the following key benefits:

e Savings on costs and turnover time associated with the use of external microfilming
services coupled with higher document image and reproduction quality.

s Savings on document storage and floor space allocations.

o Improved document searching and access: not only faster, but more convenient

o Improved control over document archiving workflow, issuing, and audit trails.
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Appendix li: the Survey Questionnaire

SURVEY ON THE USE AND STRATEGIC APPROACH TO INFORMATION
TECHNOLOGIES IN CONSTRUCTION PROCESSES

1  COMPANY DETAILS:

1.1 Type of Company
Architect
Engineer
Contractor

Other

1.2 How many employees does your company have?

Total Number: l:l Office-based: D Site-based: L__]

2 COMPUTERS GENERAL

2.1 Do you use personal computers at your workplace {central office or site)?

Yes D No [:] fNOgoto: 8§

2.2  Which of the following the operating systems does your company use?
(Please tick only those that are currently being used)

DOS only D Windows 95 D Windows 98 l:l Windows NT [:]
unix [ 0s/2 [ ] macos [ ]

Other/Commaents

2.3 Which of the following software does your company use?
(please tick only that are used in the company)

Word processor Spreadsheet Email
MS Word MS Excel MS Mail
WordPerfect Lotus 123 Pegasus
Lotus Ami Pro Quatro Pro Hotmail

internet free mail
Others SR & | | o 7! £ S Others
Project planning Databases Other sofiware

{e.g estimating)
MS Project MS Access R
CAD-Super Project Paradox
Project Kickstart dBase

Lotus Approach

Others
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SURVEY ON THE USE AND STRATEGIC APPROACH TO INFORMATION
TECHNOLOGIES IN CONSTRUCTION PROCESSES

2.4 What proportion of staff has access to the following equipment?
% of total staff % in Office % on site

Own PC or terminal at the workplace

PC at home, rented by employee

PC at home, financed by the company

Own e-mail address at the company

Own mobile phone, financed by the company
Own hand held computer that can link to PC

2.5 Does the Company have Computer-Aided Design (CAD)?

Yes [ ] No [ ]

If NOT, do you intend to acquire it:
in2years? [ ] in 5 years?[ |
We don't need it: [:l

2.6 Which of the following technigues/software does the company use for design
work?
% design time used Has it increased in the last 2 years?
Yos/NO

Drawing by hand
AutoCAD
AutoCAD LT
ArchiCAD
Microstation

Others/Comments

3 USEOFLT. SYSTEMS

3.1 Estimate the extent to which the following operations are computerised

1~ 39% 40-58% 60-100% Done
Manually

Bookkeeping

Invoicing

Work Descriptions

Technical Calculations

Bill of Quantities

Scheduling/ resource planning
Material control
Costing/Budgeting

Tendering

Marketing

Other/ Comments
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SURVEY ON THE USE AND STRATEGIC APPROACH TO INFORMATION

TECHNOLOGIES IN CONSTRUCTION PROCESSES

3.2 State what proportions of the following documents are sent digitally at your

workplace.

1-39%

40-58% 60-100% Done
Manually

Briefs/Skeiches

Draft/Main documents

Building and.as-built

Work descriptions

Tender enquiries

Calculations

Orders, invoices

Guality/test results

Minutes of meetings

Other/Comments

4 DATA AND TELECOMMUNICATIONS

4.1 Does your company have one or more Local Area Networks at this place

Yes D

No [ |

4.2 s there access to the internet at this workplace?

Yes - via and analogue modem
Yes — ISDN
Yes — via a permanent connection

No

if “No" please move to: §

4.3 Doss your company have a home page on the internet?

Yes |:] If yes what does it include:

No - but it ought to have one

No — it does not need one

news
presentation of the company
presentation of services, orders

Others

44 Does your company have an Intranet (& web environment available only

internally)?

Yes D

No —~ but we should have one
No — it is not necessary
Expected in 2 years
Expected in 3 to § years

If yes what does it include: news

manuals

project information

personnel information

quality information

Other
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SURVEY ON THE USE AND STRATEGIC APPROACH TO INFORMATION
TECHNOLOGIES IN CONSTRUCTION PROCESSES

5 THE PART PLAYED BY IT IN THE COMPANY

51 Does the company have an T strategy?

Yes — in written form No - but one is needed
Yes — in oral form No- it is not necessary
Yes - in both written and oral form

. 5.2 Has the company made any investment in IT in the last two years?

Yes [ ] No [_] If No, please go to: 5.4
5.3 Estimate how your IT investment has changed, or will change In future:

increase Constant Decrease

In the last two years
In the next two years

Beyond 2 years
54 How Important are the following reasons In making decision about new IT
investments?
Not Slightly important Very Don’t know
important important important
Customer demand

Employee demand

For competition

More efficient admin work
To be ahead technically
To develop new

Product /business

Others

55 Has IT resulted In changes in the process (design, construction processes) in the
last two years? and, if so, in which ways has it changed?

Reduced No Increased Do not know
Difference

Mistakes in documents
Construction errors
Documents quality
Speed of work
Complexity

Degree of difficulty
Need for administration.
Proportion of new work
Cther changes
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SURVEY ON THE USE AND STRATEGIC APPROACH TO INFORMATION
TECHNOLOGIES IN CONSTRUCTION PROCESSES

5.6 What effect has IT had on productivity in the last two years?

Reduced Unchanged Increased Do not know

General administration
Materials administration
Property administration
Project management
Design

Site management
Purchasing

Other

Comments

5.7 In which areas does your company plan to increase the use of IT in the next two
vears? {please mark the three most important areas)

CAD Document Handling Product models
Virtual Reaslity Accounting systems Technical calculations
Project webs Costing/Cost control Project Management
Electronic trading New business models Property information
internet/Web Portable/Mobile systems Other

Comment

5.8 What advantages do you think greater use of IT gives your company?

Better financial control

Better communications

Better quality of work

Work done more quickly

Possibility of sharing common information
Simpler/Faster access to information
Reduction of Staff

Satisfying customers

L.ess use of paper

Attraction of new staff

Other

None

59 What are the greatest obstacles to greater use of IT in your company?
(Rate only the biggest three (3) from 1 to 3, with 1 being the greatest)

Investment costs too high

Continual demand for upgrading hardware and software
Greater know-how required from staff
Over-abundance of information

Risk that IT ieads to inefficiency

Decision-makers have no time for IT efforts
Difficulty in assessing investments

Extra work in the form of “unnecessary” data input
The old ways work well

Reduced security

Lack of commitment from management

Lack of standards and coordination problems
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SURVEY ON THE USE AND STRATEGIC APPROACH TO INFORMATION
TECHNOLOGIES IN CONSTRUCTION PROCESSES

Thank you for vour help in completing this questionnaire.

Please supply your name, mailing address, telephone number and email address (if you have
one) if you want summary of the results. This will be treated in confidence.

Name:
Company Name:

Mailing Address:

Email address:

Telephone No.
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